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NEW COMPOUNDS 
TECHNICAL FIELD 

the present invention relates to novel compounds, and pharmaceutically acceptable salts 
thereof, which inhibit basic carboxypeptidases, more specifically carboxypeptidase U, and 
thus can be used in the prevention and treatment of diseases wherein inhibition of 
carboxypeptidase U is beneficial. In further aspects, the invention relates to compounds of 
the invention for use in therapy; to processes for preparation of such new compounds; to 
pharmaceutical compositions containing at least one compoimd of the invention, or a 
pharmaceutically acceptable salt thereof, as active ingredient; and to the use of the active 
compounds in the manufacture of medicaments for the medical use indicated above. 

BACKGROUND ART 

Fibrinolysis is the result of a series of enzymatic reactions resulting in the degradation of 
fibrin by plasmin. The activation of plasminogen is the central process in fibrinolysis. The 
cleavage of plasminogen to produce plasmin is accomplished by the plasminogen 
activators, tissue-type plasminogen activator (t-PA) or urokinase-type plasminogen 
activator (u-PA). Initial plasmin degradation of fibrin generates carboxy-terminal lysine 
nssidues that serves as high affinity binding sites for plasminogen. Since plasminogen 
bound to fibrin is much more readily activated to plasmin than free plasminogen this 
mechanism provides a positive feedback regulation of fibrinolysis. 

One of the endogenous inhibitors to fibrinolysis is carboxypeptidase U (CPU). CPU is also 
known as plasma carboxypeptidase B, active thrombin activatable fibrinolysis inhibitor 
(TAFIa), carboxypeptidase R and inducable carboxypeptidase activity. CPU is formed 
during coagulation and fibrinolysis from its precursor proCPU by the action of proteolytic 
enzymes e.g. thrombin, thrombin-tiirombomodulin complex or plasmin. CPU cleaves basic 
amino acids at the carboxy-terminal of fibrin fragments. The loss of carboxy-terminal 
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lysines and thereby of lysine binding sites for plasminogen then serves to inhibit 
fibrinolysis. 

By inhibiting the loss of lysine binding sites for plasminogen and thus increase the rate of 
5 plasmin formation, effective inhibitors of carboxypeptidase U would be expected to 
facilitate fibrinolysis. 

2-mercaptomethyl-3-guanidinoethylthiopropanoic acid is reported as a carboxypeptidase N 
inhibitor. More recently, this compound has been shown to inhibit CPU, Hendriks, D. et 
10 a/., Biochimica et Biophysica Acta, 1034 (1990) 86-92. 

Guanidinoethylmercaptosuccinic acid is reported as a carboxypeptidase N inhibitor. More 
recently, this compound has been shown to inhibit CPU, Eaton, D. L., et aL, The Journal of 
Biological Chemistry, 266 (1991) 21833-21838. 



is 



DISCLOSURE OF THE INVENTION 



It has surprisingly been found that compounds of the Formula I are particularly effective as 
inhibitors of carboxypeptidase U and thereby useful as medicaments for the treatment or 
20 profylaxis of conditions wherein inhibition of carboxypeptidase U is beneficial. 

In one aspect, die invention thus relates to compounds of the general Formula I, 

,6 

R— Het-Rj 

I ^ 

or a pharmaceuiically acceptable salt thereof, wherein 
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Rl represents H, OH, halogen, C1-C6 alkyl, Ci-C^ alkylaiyl, Ci-Ce alkoxy, cyano, NQ2. 
^ SH och N(R8)2 . or CO-Ci-Ce alkyl, 

R2 represents H, OH, halogen, or CpQ alkyl, 

R3 represents COOR7, SOCOR?), SO3R7, P=0(OR7)2, BCORvh. P=OR7(OR7), tetrazole 
5 or any carboxylic acid isostere, 

R4 represents SH, S-CO- Ci-Q alkyl, S-CO-alkylaryl or S-CO-aryl, 

R5 represents H, OH, halogen, C1-C6 alkyl, Ci-C^ alkylaryl, C1-C6 alkoxy, cyano, NOi, 

SH och N(R8)2, or CO-C1-C6 alkyl. 

Re represents H, OH, halogen, C1-C6 alkyl, CpCe alkylaryl. C1-C6 alkoxy. cyano, NQ2, 
10 SH och N(R8)2, or CO-Ci-Q alkyl, 

R7 represents H, or Ci-Ce alkyl, Ci-C^ alkylaryl, or aryl, 

represents H or Ci-Ce alkyl, 
X represents O, S, C(Z)2t N{Z), NRaCO or CONRg. 
Y represents CH2, or CH(Z), 
15 ' Z represents H, Ci-Q alkyl, aryl or Ci-Ce alkylaryl, and 

Het represents a 4-, 5-, or 6-nienibered aromatic or alifatic heterocyclic group containing at 
least one nitrogen, oxygen or sulphur atom or a 4-, 5-, or 6-membered aromatic or alifatic 
carbocyclic group. 

20 Preferred compounds according to the present invention are those of formula I, or a 
pharmaceutically accepteble salt thereof, wherein 
R, represents H, OH, NHj, cyano, NO2, SH, halogen, Ci-Ce alkyl, or Ci-Ce alkoxy 
R2 represents H, OH, halogen, or CrQ alkyl, 
R3 represents COOR7, 
25 R4 represents SH, S-CO-Ci-Ca alkyl, S-CO-alkylaryl or S-CO-aryl, 

R5 represents H, OH, NH2, cyano, NO2, SH, halogen, Ci-Ce alkyl, or d-Q alkoxy, 
; R^ represents H, OH, NH2, cyano, NO2, SH, halogen. Ci-C^ alkyl, or Ci-Ca alkoxy, 
: represents H, Ci-Q alkyl, C1-C6 alkylaryl or aryl, 
; jt represents O, S, C(Z)2, N(Z), CONH or NHCO, 
30 Y represents CH2 or CH(Z), 
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Z represents H, Ci-Ce alkyl or Ci-Ce alkylaryl. and 
: Het represents a 4-, 5- or 6-membered aromatic or aiifatic heterocyclic group containing at 
J least one nitrogen, oxygen or sulfur atom or a 4-, 5- or 6-membered aromatic or aiifatic 
carbocyclic group. 

f ^; ]s^^ preferred compounds according to the present invention are those of formula I, or a 
S^SC pharmaceutically accepteble salt thereof, wherein 

• R, represents H, OH, NH2. halogen, d-Ca alkyl, or Ci-Q alkoxy, 
R2 represents H, OH, halogen, or Ci-Q alkyl, 
10 R3 represents COOR7, 

R4 represents SH, S<:0-Ci-Q alkyl, S-CO-alkylaryl or S-CO-a^^^ 
R5 represents H, OH, NH2. halogen, Ci-Q alkyl. or Ci-Q alkoxy, 
- R6 represents H, OH, NH2, halogen, C,-C6 alkyl, or Ci-Ce alkoxy, 
;i represents H, Ci-Q alkyl, Ci-Q alkylaryl or aryl, 

; 15:, X represents O, S, CH2 or NH, 
Y represents CH2, and 

y Het represents a 4-, 5- or 6-membered aromatic or aiifatic heterocyclic group containing at 
; le^ one nitrogen atom or a 4-, 5- or 6-membered aromatic or aiifatic carbocyclic group. 

K1 v^S Even more preferred compounds according to the present invention are those of formula I, 
. - of a pharmaceutically accepteble salt thereof, wherein 

^ ; ^ f Ri represents H, NH2, halogen, or Ci-Ce alkyl, 
R2 represents H, or CrCe alkyl, 
R3 represents COOR7, 
25 R4 represents SH, or S-CO-Cj-Ce alkyl, 

R5 represents H, NH2, halogen, or Ci-Q alkyl, 
R^ represents H, NH2. halogen, or CrC6 alkyl, 
R7 represents H, or Ci-Q alkyl, 
X represents CH2. 
I 3pl ■ J Y represents CH2. and 



■ ^ , „ ^membe^ aromaUc o, alifaUc he<cn>cycUc group cooumung a. 

least one nitrogen atom or a ^,3 

A-. t« the oresent invention are those of formula I. or a 
Most preferred compounds according to the present 
pharmaceutically accepteble salt thereof , wherein 

R^'represents H. NH2. halogen, or Ci-C« alkyl. 
■ Ri represents H, or C,-C« alkyl, 
/;i;^3 represents COOR7. 
J ^ Ri represents SH, or S-COC.-C* alkyl, 
5 Rs represents H, NHj, halogen, or C,-Q alkyl, 
- Rg represents H. NH2, halogen, or C-C* alkyl. 
: R7 represents H. or C,-C« alkyl, 

X represents CH2, 
Y represents CH2. and 
y Het represents pyridyl or piperidinyl. 

, to methyl, ethyl, n-propyl, iso-propyl. n-butyl, iso-o ly 
i^; : ; Ibraoiched-chJ^ pentyl and hexyl. 

23 h^t^rocvclic group containing at least 
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isonicrs. 



,„ cycl<*utH.yl.cyclopentenyl,cyclol««nyl,cycl pe 

\ Theurm-baiog^.- U,cU.d« fluo.. cWoro.bro™ .nd iodo groups. 

The term aryl aenoie* ,„t«icene fenantreoe, and 

.- ^ t« benzene naphtalene, mdene, antracene. ici 

15 includes, but is not limited to, benzene, nap 



fluorene 



r CalkvlC-Qalkylaryl or aryl group as defined 
: Ti^eterm "substituted" denotesanC.-C.alM^C^^^^^^ ,,,ogen. amino. thiol. nitre, 
above which is substituted by one or more alkyU alkoxy. h 

20 ! hydroxy, acyl or cyano groups. 



^Khrftviations 
Ac = acetate 
aq = aqueous 

XlBN = a,a'-azoisobutyronitrile 

25 Bii = benzyl 
Bu = butyl 
Bz = benzoyl 

DCC = dicyclohexylcarbodiimide 
PIAD = diisopropyl azodicarboxylate 
30 blPEA = diisopropylethylamine 
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DMAP ' N,N-diinethyl amino pyridine 
[ DME = 1,2-dimethoxy ethane 
:\ DMF = dimethylformamide 
DMSO = dimethylsulfoxide 
5 EDC = l-(3-dimethylaminopropyl)-3-ethylcarbodiimide 

Et = ethyl 

EtOAc = ethyl acetate 
EtOH methanol 

V h = h 

10 HOAc = acetic acid 

HbBt= 1-hydroxybenzotriazol 
HPLC = high performance liquid chro 
KHMDS = potassium bis(trimethylsilyl)amide 
IJ>A = lithium diisopropylamide 

15 Me = methyl 

MeOH = methanol 

min = minutes 

PMB = 4-methoxybenzyl 

Ph = phenyl 
20 Pr^ propyl 

PyBOP = (benzotriazol-l-yIoxy)tripyrraU<Unophosphonium hex^^^^^ 

TEA = trietylamine 
■ TFA = trifluoroacetic acid 

THF = tetrahydrofuran 
25 Tos = toluene-4-sulfonyl 
' ' : BOO, >te pu« e«.n<iom.n. tacemic mixtu^s and u,«qual ™x«»es of .wo «.a„Uom«s are 
v' ' „ito> fl« «:opc of th. P«.n. in««ion. I. should dso b. und«su>od '^ ^"^ 
" : dU«c™ fo^s possible » wiOun me scope of , he inve^ion. Also .ncluded .„ d« 
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invention are derivatives of the compounds of the Formula I which have the biological 
function of the compounds of the Formula I, such as prodrugs. 

Depending on the process conditions the compounds of the Formula I are obtained either in 
5 neutral or salt form and are all within the scope of the present invention. 

It will be appreciated by those skilled in the art that the number of possible substituents on 
Het when "Het represents a 4-, 5-, or 6-membered aromatic or alifatic heterocyclic group 
containing at least one nitrogen, oxygen or sulphur atom or a 4-, 5-, or 6-membered 
10 aromatic or alifatic carbocyclic group" will vary from one structure to another. Also within 
the scope of the present invention are compounds of the formula I, which contains a 
multiplicity of substituents on Het chosen within the definitions of Ri ,R5 and R6 of figure 

15 Preparation 

Hie present invention also provides the process A-C for the manufacture of compounds 
with the general Formula I. 

, 20 Process A 

Process A for manufacture of compounds with the general Formula I, wherein Ri. R4, R5, 
R5, R7, Y and Het are as defined above and R2 is H, R3 is COOR7, and X is CH2. 
comprises the following steps: 

25 

a) Compounds of the general formula II 

. . 

Rr Het-X-OH H 



H2!36:VSE 



9 



10 



«he™. R,. R5, R6 ana He, a« defmcd fo, fonnula I and X is Clfe.which are eiU-er 
coirnnercially available or are available ming known «=chniques. can b. converted mto a 
compound of the general fonnula IE, 



15 



Rr Het-XL 
k 



III 



wberein L is a suiuble leaving group, such as chloro. bromo. iodo. uiHaK or .osyl, under 
sW-dard condidons using a sui«bl. .^^en. such as PPWCBr.. TosO^ridine or 
(CF3S02)20/TEA). 

b, Coo^unds of d« g.n«al fom.ula m can d«,eafter be reacred witt. compounds of <hc 
general formula IV 



IV 



wherein R,»».R,a..asdef.ed tor Forn»..a., Which are eiU-erconunerciallyavai^^^^^^^ 
are avaUable using known «chni,ues. in ^ preset:, of a suiuble base, such as K^CO, 
NaH. under standard conditions to give compounds of the general formula V. 
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, c) Compounds of the 
general formula VI 



general formulaVcan thereafter be converted to compounds of the 



^6 



I' 

Rj— Bet-R, 

VI 



? Standard conditions. 
^ -.ev. 

,0 treating compounds of the general formula Vn 



■ wherein R2 and R7 are as 
- formula in 



X 

aef^forFonn»laI.wia.3n^y.«i«8»i««»f'^'«'"''^ 



: R-Het-XL 

6 I 



„rasui«b>..as.,sucha.I.DAcrN«.«ndersu>ndar.co„^Ucas».iv. 



in the presence 
compounds of the general formula VIH 

20 



H 2156-1 SE 



11 



(MeOjOP 




VIII 



i , : , , slan*ni conations to give a compound of the gener 
' ' .. t -fc-r reacted with compomuls of the 

: , , d) Cootpoond. of.be general fonnul. VI can be tethet «ac.ed 

general fonnula DC 



u A,. Rz pMBorBn,aloneorinthe 
«heteinR,U..uitah.eptotecUngg^^^A-^^^ 

^„ceofas„it.h>eha«..uch.sNaOMe^^ 

prts.nceot.f.«-«dic1in.tuuor.s»chasAIBN»n ^^,^^^r.ned 

: „ cotnpounds of the gene^I fomtuial. wherein R,. fU^S. ^ 
,torFon»J.I..»iBaisH.R3isCOOR,,andXisCHa. 

jProcessB 

, PTormula I, wherein Ri, R2» 

, ^ Ptoce.Bforn^nneact^o'— ---^ 
R3. R«. R7. and Het. are a. defuted i„ fomtuia I and Y ts CH,. R, ts 

s,cH2.NHorNtZ).compri«s,hefollowingsteps: 
nj ReacUng a compound of the general fonnula X. 
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R-Het-X-H X 

K 

whcreU, R,. R5. R*. and He. ^ as *f.ned for Fom,ul. , a«l X is O, S. NH or N(Z). with 
an alkylating agent of the general formula XI. 

O 

Wrcin R, ..d R, are as deHned for Fon™>Ia I aadL is a s„i«bl. leaving group, s«ch as a 
; chloro. bromo. iodo. uin«e or tosyUu. g^up. under «and^ condiUons using su.uble 
i. } n»gen.s. such as Naa AfcCO,. or Bu^HSO^aOH. » give compounds of U.c general 

formula Xn, 



IS 




xn 



b) compounds of .he general formula Xn can «»,eaf,er b. «ac.ed wiU. carbon dioxide in 
U,c presence of a suiuble base, ^h as U5A or KHMDS under standard condiUons to g,ve 
a compound of the general fonnula XIII, 
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xm 



(c) Compounds of the general fomula Xm can thereafter be reacted with ClCOOMe in the 
presence of a base, such as triethylamine, and thereafter reducing the formed mixed 
anhydride with a suiteble reducing agent, such as NaBH4, under standard conditions, to 
give a compound of the general formula XTV 



Rj-^et-R, 



X^Ri XIV 

ft. 



(d) Compounds of the general formula XIV may thereafter be reacted with a compound of 
the general formula EX 

wherein R, is a suitable protecting group, such as Ac or Bz, in the presence of a suitable 
reagent, such as PPh3A>IAD. under standard conditions to give compounds of the general 
formula I, wherein R,- R7 and Hetare as defined above and Y is CH2 and X is O, S. CH2. 
NHorN(Z). 



Process C 
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Process C for manufacture of compounds with the general Formula I, wherein Ri . R2, R4» 
R5, R6» R7. Y and Het, are as defined above and R3 is COOR7 and X is NHCO, comprises 
V *e foUowing steps: 

5 a) Reacting a compound of the general formula XV, 

wherein R2, R7, and Y are as defined for Formula I with a compound of the general formula 
XVI, 

16 

R.HetCOOH XVI 
1 

R6 

wherein Ri, R5, R6 and Het are as defined for Formula I in the presence of suitable 
I cqupUng reagents, such as PyBOP/DIPEA, DCCTHOBt or EDC7TEA/DMAP under 
is; standard conditions to give compounds of the general formula I, wherein Ri, R2» R4» ^5* 
I :l R^, R7, and Het, are as defined above and R3 is COOR7, Y is CH2 and X is NHCO. 

It will be appreciated by those skilled in the art that in the processes described above the 
functional groups of intermediate compounds may need to be protected by suitable 
, 20 protecting groups. 

Functional groups which it is desirable to protect include hydroxy, amino, mercapto and 
carboxylic acid. Suitable protecting groups for hydroxy include trialkylsilyl or 
diarylalkylsilyl (e.g. t-butyldimethylsilyl, t-buiyldiphenylsilyl or trimethylsilyl), 
' 25 , tetrahydropyranyl and benzyl. Suitable protecting groups for amino include l- 
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K , rhenzvloxvcarbonyLSuiubleprotectrng groups for mercapto include 
include Ci^ alkyl or benzyl esters. 

thbse skilled in the an and as described hereinafler. 

^:e,:^„p.«c.edd.riva.,esofco»poundsorf.nnu...w«ch^^ 
' finU dep,o<«=Uon s.age «. fonn compounds of formula I, are novel. 

XH n«of proucung groups is described in 'Protecdve Groups in Organic S,.*.sis-.2nd 
^lbeapo.,mer,esinsucbasWangres,.ora..bo.„.ri<,icldor.der«.n. 

.„.a.sobeappr.cia..b,.oses...edin.e^.^^^^^ 
compoundsofformuUlm.yno.possessphannacolog.calacuv.>y 

A fth.inventionwhichaicphannacologicallyactive.Suchdenvat.vesmay 

"^^^^ 

o within the scope of the invenUon. 

:?%:.<.daisobeunders.ood«.a.a....mo.p^ 

s<,.va«s of U» compounds of d« present invention are wuhm U« scope of 
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Pharmaceutical formulations 



,.tafur.beraspec.U..invention.e,a«s.op— -".^^^^^^^^ 
leas, one compound of d« present invention, or . pharmaceufcally 



as active ingredient. 
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For clinical use, the compounds of the invention are formulated into pharmaceutical 
formulations for oral, intravenous, subcutaneous, tracheal, bronchial, intranasal, 
pulmonary, transdermal, buccal, rectal, parenteral or other mode of administration. The 
pharmaceutical formulation contains a compound of the invention in combinauon with one 
or more pharmaceutically acceptable ingredients. The carrier may be in the form of a solid, 
semi-solid or liquid diluent, or a capsule. These pharmaceutical preparations are a further 
object of the invention. Usually the amount of active compounds is between 0. 1-95% by 
weight of the preparation. 

In the preparation of pharmaceutical formulations containing a compound of the present 
invention the compound selected may be mixed with solid, powdered ingredients, such as 
lactose, saccharose, sorbitol, mannitol. starch, amylopectin. cellulose derivatives, gelatin, 
pr another suitable ingredient, as well as with disintegrating agents and lubricating agents 
such as magnesium stearate. calcium stearate. sodium stearyl fumarate and polyetiiylene 
glycol waxes. The mixture may then be processed into granules or pressed into tablets. 

Soft gelatine capsules may be prepared with capsules containing a mixture of the active 
compound or compounds of the invention, vegetable oil, fat, or otiier suitable vehicle for 
soft gelatine capsules. Hard gelatine capsules may contain granules of the active 
compound. Hard gelatine capsules may also contain the active compound in combination 
with solid powdered ingredients such as lactose, saccharose, sorbitol, mannitol, potato 
starch, com starch, amylopectin, cellulose derivatives or gelatine. 

Dosage units for rectal administration may be prepared (i) in the form of suppositories 
which contain the active substance mixed with a neutral fat base; (ii) in the form of a 
gelatine rectal capsule which contains tiie active substance in a mixture with a vegetable 
' oil. paraffin oil or ortier suitable vehicle for gelatine rectal capsules; (iii) in the form of a 
ready-made micro enema; or (iv) in tiie form of a dry micro enema formulation to be 
reconstituted in a suitable solvent just prior to administration. 
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Uquid prcparaUons ™>y prepared ia «« fonn of s,mps or suspension, e.g. solunons or 
suspe;,si„n. containing *e acUve ingr^ien. and U,e .™ainder consisUng. for e,a^.e. of 
suiar or sugar alcohols and a mixture of ethanol. water, glycerol, propylene glycol and 
'pdlvethylen. glycol. If desired, such liquid preparations may contain colouring agents. 
,lavounngagen.s,p»se,vatives.saccharineandca,bo,ymeU>ylcelluloseorother 

: U,cl«ning agents. Liquid preparations a., also he prepared in U.e form o, a dry powder to 

be teconsUtuled with a suitable solvent prior to use. 

Soiutions for parenteral ^.mlnistr^ion may be prepaid asasoluuonofacompoundof the 

invention in a pharmaceuUcaUy acceptable solvent. These soluUons may also contatn 
stibili^gi„g.edients,preservativesa,,^or buffering ingredients. Soluaot. for p^^^^^ 

^aministlon may also be prepared as a dry preparation to by reconsti„ted wtth a s^table 

Solvent before use. 

T,„ typical daily dose of the acUve substance varies within a wide range and will depend 
™ vins factors such as for example the individual re,ui»ment of each pauent, the route 
of administration and the disease. In general, oral and parenteral dosages wUl be m the 
range of 0.1 to 1000 mg per day of active substance. 

Medical ami pharmaceutical use 

The compounds of the invention ... inhibitors of caH^xypeptidase U either as su* 
Ute case of prodnrgs, after administration. The compounds of ^ invendou are U.us 
expected tohe usefitl in those conditions where inhibition ofcarboxypepUdas. U .s 
, belcial.suchasin,het.e«me„.orprophy.axlsofthromb»isandhypercoa^.ab...^^ 

blood and tissues of manmials. including man. 

r u known that hypercoagulabiUty may lead to thromboembolic diseases. Conditions 

fitted withh^rcoagulabiUtyandO^^^ 
« include pr^em C tesistanc. and inherited or a,uired denciences in anttthrombm HI, protem 
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C, protein S and heparin cofactor U. Other conditions known to be associated with 
hypercoagulabUity and thromboembolic disease include circulatory and septic shock, 
circulating antiphospholipid antibodies, homocysteinami. heparin induced 
thrombocytopenia and defects in fibrinolysis. The compounds of the invention are thus 
indicated both in the therapeutic and/or prophylactic treatinent of these conditions. The 
compounds of the invention axe furUier indicated in the treamxent of conditions where there 
is an undesirable excess of proCPU/CPU. 

Particular disease states which may be mentioned include the therapeutic and /or 
prophylactic treamient of venous thrombosis and pulmonary embolism, arterial thrombosis 
(e.g. in myocardial infarction, unstable angina, tiirombosis-based stroke and peripheral 
arterial thrombosis) and systemic embolism usually from tiie atrium during arterial 
fibrillation or f«>m the left ventricle after transmural myocardial infarction. 

Moreover, the compounds of the invention are expected to have utility in prophylaxis of re- 
occlusion and restenosis (i.e. tiirombosis) after tiirombolysis, percutaneous trans-luminal 
angioplasty {VTA) and coronary bypass operations: the prevention of re-dirombosis after 
microsurgery and vascular surgery in general. 

Further indications include tiie therapeutic and/or prophylactic treatinent of disseminated 
intravascular coagulation caused by bacteria, multiple trauma, intoxication or any oUier 
mechanism, fibrinolytic treamient when blood is in contact witii foreign surfaces in the 
• body, such as vascular grafts, vascular stents, vascular catiieters, mechanical and biological 
prosUietic valves or any other medical device, and fibrinolytic treatment when blood is m 
contact with medical devices outside die body, such as during cardiovascular surgery using 
a heart-lung machine or in haemodialysis. 

The compounds of tiie invention may also be combined and/or coadministered witii any 
antitiirombotic agent witii a different mechanism of action, such as the antiplatelet agents 
acetylsalicylic acid ticlopidine, clopidogrel, tiiromboxane receptor and/or synthetase 
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inhibitors, fibrinogen receptor antagonists, prostacyclin mimetics and phosphodiesterase 
inhibitors and ADP-receptor (P2T) antagonists and thrombin inhibitors. 

The compounds of the invention may further be combined and/or coadministered with 
thrombolytics such as tissue plasminogen activator (natural, recombinant or modified), 
sti-eptokinase. urokinase, prourokinase, anisoylated plasminogen-streptokinase activator 
, . complex (APSAC), animal salivary gland plasminogen activators, and the like, in the 
treaonent of thrombotic diseases, in particular myocardial infarction and stroke. 

10 in vitro experiments 



The inhibiting effect of die compounds of the present invention was estimated using the 
assay described in: Dirk Hendriks, Simon Schaipd and Marc van Sande, Clinical 
Chemistry, 31, 1936-1939 (1985); and Wei Wang. Dirk F. Hendriks, Simon S. Scharpe, 
The Journal of Biological Chemistry, 269. 15937-15944 (1994). 
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EXAMPLES 

General Exp erimental Procedures 

I4ass specti-a were recorded on a Finnigan MAT TSQ 700 triple quadropole mass 
spectrometer equipped with an electrospray interface (FAB-MS) and VG Platform II mass 
,si)ectrometer equipped with an electrospray interface (LC-MS). 'H NMR and "C NMR 
measurements were performed on Varian UNITY plus 400. 500 and 600 spectrometers, 
operating at 'H frequencies of 400. 500 and 600 MHz respectively. Chemical shifts are 
given in ppm with the solvent as internal standard. Organic extracts were dried using 
MgS04 or Na2S04 as tiie drying agent Chromatography separations were performed using 
Merck Silica gel 60 (0.063^.200 mm). HPLC separations were performed on a 
HIGHCROM KR100-10C8 column. 

Example 1 

^ 2-Mercaptomethvl-3.pi peridin-4-vl-prop ionic ariH 



25 



-1 SE 



15 



20 



20 



10 J 



25 



30 :; 



(a\ '^-Piperidin-4-vl-propionic acid 

A solution of 3-pyridin-4-yl-acryUc acid (4.20 g, 28.0 mmol) in water (50 mL) and 
ammonia (aq. 25 %. 4 mL) was hydrogenated at 60 bar in a high pressure steel autoclave in 
presence of ruthenium (5 % on alumina. 439 mg). When hydrogen pressure remained 
constant (3 days) the catalyst was removed from the reaction mixture by filtration. The 
catalyst was washed with ethanol and water, and the ethanol was removed from the 
solution on a rotavapor and the aqueous solution was freeze dried to give 3-piperidin-4-yl- 
propionic acid (4.30 g, 100 %). 

(h^t 4-f?-carboxv-ethvn-piperidine - 1-caifaoxvlic acidrgrt-butyl ester 

solution of 3.piperidin-4-yl-propionic acid (4.79 g. 30.5 mmol). di-rerf-butyl-dicarbonate 
(6^98 g. 32.0 mmol) and NaHCO, (2.69 g, 32.0 mmol) in THF/water ( 1:1. 50 mL) were 
' stirred at room temperature for 22 h. Another portion of di-rerf-butyl-dicarbonate (2.00 g. 
9.10 mmol) was added together with a catalytic amount of DMAP. the resulting mixture 
was stirred for another four days. THF was removed under reduced pressure and the 
aqueous phase was exttacted with CH2CI2. The aqueous was then acidified to pH 2 with 
IM HCl and the acid extracted with CH2CI2. The combined organic extracts were washed 
with brine, dried and concentrated in vacuo to yield 4-(2-carboxy^thyl)-piperidine-l- 
carboxylic acid r«rf-butyl ester as a white solid (6.36 g, 81 %). 

(c) 4-n-Benzvlsulfanv1-2-carbox v-propvn-Dioeridine-l -caiboxylic acidterr-butyl ester 
ByLi (1.6 M. 15.3 mL. 24.4 mmol) was added to a solution of diisopropylamine (3.43 mL. 
24.4 mmol) in THF (3 mL) at -78 under argon. After a few min the soluUon was 
allowed to warm up to room temperature over a period of 15 min. The resulting LDA 
: solution was slowly added to a solution of 4-(2-carboxy-ethyl)-piperidine-l-carboxylic acid 
ferr-butyl ester (3.07 g. 1 1 .9 mmol) in THF (7 mL) at -78 "C. The resulting solution was 
stirred at -78 "C for 10 min.. THF (20 mL) was added during that time in order to dissolve 
the anion which had solidified. The dianion was cooled to -78 "C and bromometiiyl 
thiobenzylether (2.72 g. 12.5 mmol) was added as a solution in THF (3 mL). the solution 
was stirred at -78 "C for 30 min. at 0 °C for 30 min and then allowed to warm up to room 
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sUn.a ovemigh. The re^tton m,xm« wa. acUUM wUh . M HO. 
diluted wifl, ROAc and d« orgamc phase was «ashad »iU, water a»d dned. T^e cn.dc 
p„duc. was punned by flash chromalograph, (MeOH/CHCb..:9) .o yield4^3- 
^„^Uu>fa„y.-2<adx,.y-propy.).piperidi„e..<a*oxyUc .cid««-bu.,. es„r as a pd. 

yellow oa (3.12 g, 66 %). 

sLn. (5 .3 mg. 22.5 mmoO was ad^ in ponions during 5 nun. .o a so>. on of 4- 
(3«n.fany.-2-carbox,.pn^y.)-piperi<>ine..-cad«xyUc acid,«-bunr. ester^* 
'a2,.^„.).nTHF(45nU.)andH<,u,danunon,a(50ni)«^»Cu„derargon.Aft« 

s^ning for .5 nun. anunoniun, chlortde (1.7 g. 31.5 ^ol) was added in pontons. Tl^ 
cooiiiba,hwasre™oved».dd«a„u„onia„asevapo,a«dusingas.rean.ofarg^ 

N.OH was added and ^ mix.ure was washed wiU, heptane. The aqu«>us phase was 
Nidified wid.2MHCl and «.«ae«dwid.n«h,l^ 
washed WiU, brine, dried and co„c»«ated under red„»d pressure to g,vc 4- 2-Carboxy 
r>i.cap«.-p.opyl)-piperidine-ls.ariH,xyHc acld«r.-butyl ester (0.7 g. 100 %) 

<0.7 g. 2.29 nunol, in n»th,lene chloride (g nO.) under argon was added tnedty^Uane 
. (73 1 VX. 4.58 nnnol) foUowed by TTA (4 mL). The reacUon mixnttc was stured for 60 
n^n. and the. concentrated under redu^d pressure. Purificarion by HPLC (.0^ 30 % 

.ce.onl.rile, 0.1 % TPA in w«er, gave the title compound as the TFA salt ,447 n^g « « 
iy, NMR (40O MHZ. IhO): 6 1.34-1.50 (n,, 2H,. 1.54-1.76 (m. 3H,. 1.90-1.99 (n. IH). 
a 2.0-2.1 (m. IH), 2.9-3.05 (m. 5H). 3.38-3.4g (m. 2H). 
MS (+) 204 (M+1). 
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under reduced pressure. PurificaUon by HPLC (10 50 % acetonitrile. 0.1 % TFA in 
water) gave the tide compound (63 mg, 80 %). 

•H NMR (500 MHz. CD3OD): 5 1.0-1.22 (m. 2H). 1.46-1.55 (m, IH), 1.55-1.66 (m. 2H). 
:i.67-l'79 (m. IH). 1.81-1.92 (m. IH), 2.08 (s. 3H). 2.55-2.73 (m. 4H), 3.03-3.12 (m. IH). 
3.85-3.94 (m, IH), 4.45^.53 (m, IH). 
MS (+) 246 (M+1). 

F.xample 3 

^■M.«.Hpto-5.F>^^hY»-7-nioeridin-4-vlTnerhYl-hexanoicacid 

^Hydroxyme th Yl-p i peridine-l -rarhnxylic acidr^rt-butyl ester 
TO a solution of . 4Khydroxymethyl)piperidine (5.00 g. 43.41 mmol THF/ H.O (1:1. 120 
k) was added di-r-butyl dicarbonate (9.47 g. 43.41 nunol). The reaction -^^^J^ 
stirred for 16 h at room temperature. The reaction mixture was then poured into H.O (500 
iiO.) and extracted with ethyl acetate (3 x 250 mL). The organic layers were combmed and 
washed with water. The organic layer was dried over sodium sulfate, filtered, and then 
concentrated under reduced pressure to give 4-hydroxymethyl-piperidine-l-carboxyhc acd 
terr-butyl ester (9.01 g, 96%). 

(b) A.nrc.rn^m^thv\- rr^riA\r,e.t^aihoTyhr aridrfft-butyl ester 
' ■ TV, a sohuion 4-hydroxymethyl-piperidine-l.carboxyUc acid^er^butyl ester (8.75 g. 40.64 
■ i^ol) in diethyl ether (200 mL) at O^C under nitrogen, were added triphenyl phosph^ne 
(21 32 g 81.28 mmol) and cartx,n tetrabromide (26.96 g, 81.28 mmol). The mixture was 
allowed to warm to room temperature and stirred under nitrogen for 48 h. The reaction 
^ture was filtered through a pad of Celite and the organic filtrate was washed wxth 5 % 
NaS,03. water, brine, and dried. The mixture was filtered and concentrated under reduced 
: i^essure. The crude product was purified by column chromatography (ethyl acetate/hexane. 
1:9) to give 4-bromomethyl-piperidine.l-carboxylic acidr.rr-butyl ester (8.26 g. 73 %). 

f^rf-hut yl ester 
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^ = ^ , tn-ino 297 32 mmol) was added dropwise to a 

■ re«-iB«tyl dicthylphosphonoacetate (75.0 g. 297.32 mm , 
; ' AA^tuMe 334 58 mmol) in DMF (450 mL) at u unac 

' suspension of sodium hydride (8.03 g. 334.^6 mm 

^ or n °C for 0 5 h and at room temperature for u.3 n. h 

: nitrogen. The mixture was stmed at 0 C for 0.5 h _^ 

. ..momethyl-piperidine-l.arboxyUc acid^.-butyi ^^^^ 
, (50mL)was added dropwise to the reaction mixture and the reaction w^^^^^ 
- ^ ■ ■ The reaction was cooled to room temperature, poured mtoH.O and 

and stirred for 16 h. The reacuon wa:> 

. y !■ ^ .„d „nrcac«4.-bu„l aiemylphosphonoac^c The 
;|:::;tf«p«xiac. was turO^r purified by vacuum 
; ; , \yas taken on to the next reaction. 

' u . ^ - .K.v- 0-.nvlVoiDeridine d-riirhoTYliraridr^/t-butyl 

(:..04g. 43^30^.00 u,D^^(20,nL^ „as added dropwU. » *e ^ 

a,:;;:dOu«d..ed.a.»a.-.«.«;«^^^ 

cone«>»u=d«nd« reduced p«ssu««,g.ve 9.4 g of ay 

::i.:;::.p,riBedwco^ 

;:: : ;b»U.xyc»bo.yl-5.n«,hyl-hex.2.e„yl)-p.pend,ne-l-c.rboxyl«= ae.d 

m!^?^ ^ V r ^ %) for two reactions- 

itf" " . Honvl 3 (4=ine*fficyiena^ 
A-p-fgrf-Bu *"TfYcarbonvl-^-!^-memu.&^ « 

'Ui: / • £a Lh nr vr.r-^Hdr.rr.h»tyl ester hex-2-enyl)-piperidine-l-carboxylic acid 

, 30 A;solutionof4.(2-..-butoxycar^^^^ 
, , ; . ,«rr-butyl ester (2.0 g. 5.24 mmol) m DMF (5 mL) was 
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(50 mL) <mi« mtrogen. The nuxwte . .„,„„ q and extracttd with ethyl 

aceut. T^eorga„i=.a,etswececomhin«l».dw.hedw*w^. T J 
;ied.«i.eted3ndc„.,cen.««-»ndc..a.=dp^»^^^^ 

carboxylic acid r.rr-butyl ester (1.77 g. 63 %)■ 

, .pi.,ur.otH^(X6n..)»dTTA ^6^^^^ 
^.tetnpetature.----^-^^^^^^ 

5H«U,,l-hex,.l-p.pend.ne-l-.*oxyh ,„ ,o„, ,„ roon, 

,ad«.a.d,hen»x.u,.w.3,.flux«.for.6h Th^ 
, „„,e«^.dconce„t..«.».d.,.d.^P^^^^ 
reverse-phase column chromatography (MeOH/HzO, 3.^) 
TFA salt (0.40 g, 22%). 

' InMR (300 MHZ) (CD3OD) 5 0.88 (d,), 0.94 (d.). 1-43 (m). 1-70 (br). 
^ 1.94 (m), 2.48 (m), 2.90 (m), 2.99 (br). 3.34 (m). 
: MS (+) 260.2 (M-TFA). 

Pvample 4 

saa ^ 1 2 (dielhoxy-phosphotylVethyD-piperidine-l- 

A solution of ' „L add«i d«>pwise to a suspension 

. «ttox,Ucacid««-h»t,.es.er(3.0g,n.DNffi(8.^^^^^ 

„ oC.sodi»,nh,dride(0.26g,10.5.nunol,.nDME(8ni.) ^^^^ 

^xture was stined tor 0.75 h. Phenyl acetaldehyde (5.26 g. 
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drop^vise to the mixture at 0 °C. The mixture was allowed to warm to room temperamre 
aiid stirred for 16 h. The mixture was diluted with ether and washed with water. The 
o^anic layer was dried, filtered, and concentrated under reduced pressure to give 8.6 g of a 
yellow oU. The crude product was purified by column chromatography (ethyl 
aceute/hexane. 1:50 -» 1:10) to give 4K2-«rr-butoxycarbonyM-phenyl-but-2-enyl)- 
piperidine-l^arboxyUc acid rm-butyl ester (1.32 g, 62 % yield) for two reactions. 

^ p ,,^o„>^,y..^. y..v^4.niethoxv-hen7vlsulfany1) 1 phrnyl-bntyn-piperidine-l- 

rarhnxvlic "^'H teif-butvl ester. 
4K2-r.rr.B^^^^ 

(08g 1.93 mmol) in DMF (10 mL) was added to a suspension of potassium carbonate 
(0 20 g. 1.44 mmol) ) and 4-methoxy^-toluenethiol (0.54 mL, 3.85 mmol) in DMF (10 
mL) under nitrogen. The mixmre was heated to 75 for 24 h and allowed to cool to room 
temperature. The reaction mixture was then poured into H.O and extracted with ethyl 
, acetate. The organic layers were combined and washed with water. The organic layer was 
dried, filtered, and concentrated under reduced pressure to give 1.8 g crude matenal. The 
crude product was purified by column chromatography (ethyl acetateAiexane, 1:10) to give 
\ 4.[2-^er^butoxycaIbonyl-3-(4-methoxy4^n2ylsulfanyl)-4^heny^^^ 

I: carboxylic acid r«rf-butyl ester (0.55 g. 50 %). 

so.. 

, (c) ^-M.«.«T,to-4-Dh^ "Y!-^-ri^"di"-^-^'"^^^^^V'-^"*Y"^^- 
A mixture of H.O (0.65 mL) and TFA (6.5 mL) was frozen and then allowed to warm to 
room temperature under nitrogen. 4-[2-.er^butoxycarbonyl-3-^^^^^ 
■ 4-phenyl-butyll-piperidine-l-carboxylic acidrert-butyl ester (0.65 g. 1.14 mmol) was 
^ added and the mixture was refluxed for 16 h. The mixture was allowed to cool to room 
temperature and concentrated under reduced pressure. The crude product was punfied by 
reverse-phase column chromatography (MeOHm.O. 1: 1) to give the tide compound as the 
TFA salt (0.27 g, 58 %). 

„ 'HNMR (300 MHZ) (DMSO) 5 1.22 (m), ..49 (m). 1.67 (br). 2.2. (d,). 2.98 (m). 7.25 (m. 
5H). 8.27 (br). 8.57 (br). 12.59 (br). 
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MS (+) 294.3 (M-TFA). 
Fxam ple 5 

7. (7-Amino-pYridin^vlm^ thYn-3 

(a) AA-(4-Methv1 -pYridin-2-vl)-acetam!de 

^ : ; 2-Amino-4-methylpyridine (99.0 g. 91.5 nunol) in acetic anhydride (250 mL) was wanned 
to 70 »C for two h. The mixture was cooled to room temperature and diethyl ether (100 
, ; added. The product crystallized as white needle crystals. FUtering and drying in vacuo 
'^J ' io : jV-(4-methyl-pyridin-2-yl)-acetaniide (130 g. 95 %). 

r I' ' '* *■ \ ' " ■ 

(b) 7.Acetvlamino-isoni gotinic acid 

: A mixture of N-(4-methyl-pyridin-2-yl)-acetamide(40.0 g. 0.26 mol) and water (400 mL) 
" • was heated at 90 -CuntU the soluUon was homogeneous. KMn04 (100 g. 0.62 mol) was 

added carefully in small portions with vigorous mechanical stirring over 2 h. The reacuon 
nuxture was kept at 90-95 "C for further 3 h before filtering through Celite while stxU hot. 
The filtrate was concentrated to about 100 mL and concentrated HCl was added to adjust 
the pH to about 4. The reaction flask was cooled in an ice bath and the white solid filtered 
• off. The crystals were washed with cold water and chloroform and driedin vacuo givmg 2- 

1 20 aKietylamino-^^ acid (12.0 g, 25 %). 

(/^) 9-ATninQ-isonicoU" '^ a^^^d edivl ester 
■i 2:Acetylamino-isonicotinic acid (10.8 g, 60.0 mmol) was suspended in ethanol (150 mL) 
! ■ and BF3 OEt. (22 mL. 138 mmol) was added. The mixture was refluxed overnight, and 
after cooling to room temperature 10 % NaHCO, (250 mL) was added, m product was 
extracted with chloroform and the combined organic extracts were washed with water and 
dried. FUtering and concentration afforded 2-amino-isonicotimc acid ethyl ester (7.46 g. 79 
%) as pale yellow crystals, 

^A) -7.[A^ A^.bisrr^rf-B nrov yrarbonvn p ^in'^l-i^QnicotiTiir arid ethyl ester 



.25- 
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To a solution of 2-ainino-isonicotinic acid ethyl ester (5.00 g, 30 mmol) in r-BuOH (45 
mL) and acetone (15 mL) was added DMAP (50 mg, 0.41 nunol) and di-f-butyl 
dicarbonate ( 16.4 g, 75.0 mmol). The reacUon was stirred at room temperature overnight 
and hexane (60 mL) was added. The reaction nuxture was cooled in a refrigerator for 3 h 
and filtered to give 2-[iV.N-bis(terr-butoxycaibonyl)amino]-isonicotinic acid ethyl ester 
(8.71 g,79 %). 

(et\ r4-Hvdroxvmethvl-pvridin-2-vl'>-carfaamic acidrgrf-butvl ester 

A solution of to 2-[7V;iV-bis(tert-Butoxycarbonyl)amino]-isonicotinic acid ethyl ester (35.0 
g^ 95.5 mmol) in THF (350 mL) was treated with LiAlH4(7.25 g. 191 mmol) and refluxed 
for 1 h under nitrogen. The reaction mixture was poured carefully onto crushed ice and the 
product extracted several times with CHCI3 and CHOj : MeOH (9: 1). The combined 
organic extracts were dried, filtered and concentrated under reduced pressure to give (4- 
hydroxymethyl-pyridin-2-yl)-carbamic acidrert-butyl ester (18.5 g. 86 %) as a pale yellow 
solid. 

(f) f4-Bromomethvl-Pvridin-2-vn-carfaamic aci d fgrf-butvl ester 

(4-Hydroxymethyl-pyridin-2-yl)-carbamic acidferr-butyl ester (8.00 g, 35.6 mmol) was 
dissolved in CH2CI2 (150 mL) and treated with PPhj (1 L2 g. 42.8 mmol) under nitrogen. 
The reaction flask was cooled in an ice bath and CBct (14.2 g, 42.8 mmol) was added in 
smaU portions. The ice bath was removed after 30 min and the reaction mixture was stuxed 
overnight at room temperature. The reaction mixture was concentrated under reduced 
pressure and acetonitrile (50 mL) was added. The reaction flask was placed in a refrigerator 
for 3 h and the precipitate filtered and washed with cold acetonitrile. The white solid was 
dried « vacMO giving (4-bromomethyi-pyridin-2-yl)-carbamic acid /erf-butyl ester (8.38 g. 
82 %). 

(p\ ?.(^-f/.rf-RutoxvcarboPYlaTninQ-Dvr idin-4-vlmetbYV-'"a1"">c acid diethyl ester 
To a solution of NaH (80%, 0. 17 g. 4.00 mmol) in THF (5 mL) at OPC under argon was 
added diethyl malonate (0.64 g, 4.00 mmol). After the mixture was stirred for 15 min the 
mixture was added to a refluxed mixture of (4-bromomethyl-pyridin-2-yl)-carbamic acid 
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ferf-butyl ester (1.00 g, 3.48 mmol) in THF (10 mL), and the mixture was refluxed for 2 h. 
The mixture was concentrated under reduced pressure and the residue was partitioned 
between water and chloroform. The organic layer was washed with water and brine and 
dried. After filu-ation and evaporation of the solvent, the crude product was purified by 
fiash chromatography (MeOH/ CH2CI2, 1:100) to give 2-(2-fert-butoxycarbonylamino- 
pyridin-4-yhnethyl)-malonic acid diethyl ester (0.80 g. 55 %). 

(h^ 2-r2'fgrf-Butoxvcarbonvlaniino-Dvridin-4-vlmcthvlVmalon ic acid monoethyl ester 
A solution of KOH (0.19 g, 3.43 nunol) in ethanoi (5 mL) was added to a solution of 2-(2- 
ferr-butoxycarbonylamino-pyridin-4-ylmethyl)-malonic acid diethyl ester (1.20 g, 3.27 
nunol) in ethanoi (5 mL) and methylene chloride (5 mL) at 0°C. The mixture was stirred 
for 18 h at room temperature. The mixture was concentrated under reduced pressure and 
water was added to the residue. The aqueous layer was washed with diethyl ether, acidified 
to pH 4 by IM HCl, and extracted with methylene chloride. The organic layer was washed 
with water, brine and dried. After filtration and evaporation in vacuo, the crude product 
was purified by flash chromatography (CtfeOH/CH2Cl2, 1:20) to yield 2'(2-tert- 
butoxycarbonylamino-pyridin-4-ylmethyl)-malonic acid monoediyl ester (0.90 g. 81 %). 

2-r2-fgrf-Butoxvcarbonviamino-pvridin-4-vlmeth vlVacrvlic acid ethvl ester 
A solution of diethylamine (0.26 g, 2.67 mmol) in metiiylene chloride (4 mL) was added to 
a mixture of 2-(2-/e/t-butoxycarbonylamino-pyridin-4-ylmethyl)-malonic acid monoediyl 
ester (0.90 g, 2.66 mmol) and 37 % aq. solution of formaldehyde (0.24 g, 3.00 mmol) at 0 
"^C. The mixture was stirred for 5 h at room temperature and die mixture was poured onto 
ice-water and extracted witfi methylene chloride. The organic layer was washed with 5 % 
NaHCOa and dried. The crude product was purified by flash chromatography (1% 
metiianol in CH2CI2) to yield 2-(2-rerr-butoxycarbonylamino-pyridin-4-ylmethyl)-acryUc 

acid ethyl ester (0,58 g, 71 %). 



(j^ 2-Acetvlsulfanvlmethvl-3-r2-rgrf-butoxvcarb o nvlamino-Pvridin-4-yl)'propionic . 
ethvl ester 
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A solution of 2-(2-/ert.butoxycarbonylaniino-pyridin^ylmethyl)-acrylic acid ethyl ester 
(0.48 g, 1.57 mmol) and triethylamine (0.17 g. 1.64 mmol) was added to thioacetic acid (3 
niL) at 0 °C under nitrogen. The mixture was stirred at room temperature for 4 h. The 
'mixture was poured onto ice-water and extracted with CH2CI2- The organic phase was 
washed with saturated NaHCCb (aq) and dried. The crude product was purified by flash 
chromatography (2.5 % MeOH in CH2CI2) to give 2-acetylsulfanylmethyl-3-(2-r<rrt- 
butoxycarbonylamino-pyridin-4-yl)-propionic acid ethyl ester (0.60 g, 100 %). 

fv^ 9-Arpr Ylsiilfanvlmethvl-3-(2-amino - nvridin-4-vn-nropionic acid ethyl ester 
TFA (0.5 mL) was added to a solution of 2-acetylsulfanylmethyl-3-(2-rerf- 
butoxycarbonylamino-pyridin-4-yl)-propionic acid ethyl ester (50 mg, 0.13 mmol) in 
methylene chloride under argon. The solution was stirred for 60 min and concentrated 
under reduced pressure to give crude 2-acetylsulfanyImethyl-3-(2-anuno-pyridin-4-yl)- 
propionlc acid ethyl ester (52 mg, 100 %). 

'H NMR (500 MHz, CD3OD3): 5 1.15 (t. 3H). 2.32 (s. 3H), 2.73-2.83 (m. 2H), 2.86-2.93 
(m, IH). 3.01-3.07 (dd, IH), 3.12-3.18 (dd. IH). 4.03-4.12 (m. 2H), 6.39 (s. IH), 6.43 (d, 
lH).7.77(d. IH). 

m l-(2- Amino-pvridin-4-vlmethvn- 3-inercapto-nropionic acid 

2-Acetylsulfanylmethyl-3-(2-amino-pyridin-4-yl)-propionic acid ethyl ester (52 mg, 0.13 
mmol) was dissolved in cone. HCl (2 mL) under argon. The solution was heated to reflux 
for 1 h. Concentration under reduced pressure gave the UUe compound as the hydrochloride 
salt (32 mg, 100%). 

•h NMR (500 MHz, CD3OD): 5 2.70 (bs, 2H). 2.85-3.0 (m, 3H), 6.76 (bs, IH), 6.81 (bs, 
IH), 7.67 (bs, IH). 
MS (+)213(M+1). 

. Example 6 

^-(fi-Amino-pvridin-3-vn- ^-inercaptomrthvl-proDionicacid 



Ya^ fi-Amino-nicotini r acid ethvl ester 
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. /-js ft a 181 mmol) was suspended in ethanol (190 

2-Ainino-5-pyridinecarboxyUc acid (25.0 g. 18 1 rnmoi) w 

r.OcT(15 mL 206 mmol) was added. The mixture was refluxed for 10 hs and 
t^^^- ..er3da,swi.renux(andmoreSOC.(10.^)added 

£fL24ha.-20-C the mixmre was mtered.The crude salt was dissolvedm^ 

added. After 24 h at f40 0 e 23 5 nmiol) in methanol (90 mL) was 

.1. ^wo 1 A ml ^ and a solution of NaOH QW.u g, ^j-j / 

s^ne. ro. . . and THF <.70 .L, »a. .ded. .e^uon 

: p^^utc » 6-anuno-icotimc acid .ftyl cs». (36.2 g. 97 %)• 

' ■ ■ ■ ester (36 0 g, 217.0 mmol) in 1-BuOH (308 

To a solution of 6-amloo-ni<:onmcac,ded>yl ester (36.0 g. , 

na:)andace.o„e(103mL)«.sadd«lDMAP(0.53g,4.34 mmol, and d..*u.^^ 

f ™ C72 0 g 330 mmol,. Tbe reacUon was stirred at room temperature for 10 h 
*ur:a:lofmoredi..n..d.a..o.a.(a.60g,..«er.O.^^^^^^^^^ 

: .empera,ureHe«ne(470m.,»as.dded.T.«.^on^^^^^ 

TO a sUrn«. solution of 6-,.«-bu.oxycarbon,lamino-niooumc »nd ethyl 

lo a 5u«<5v* mmol) in THF (2U 

„„nol) in IHF (20 mL) under nitrogen was added L^^^^^^ 

tnL^overaperiodof2h.ThereacUonmixturewasstirredfor6h.thenNH4a(s 

mDoverapenoaoi tv,. fixture was filtered and concentrated under 

added (carefully) until neutral soluuon. The mixture was 

. ..ucedpressu«togive(5-hydroxymethyl-pyridin-2-yl)-carh^^ 



(2.00 g, 68 %). 



3o: 



,.1 o vn-carbamic artr! fgrf-bn tyl ester 

(d) t'>.BromomethYl-pvr.H.n-?-v1)-carbamic "tll^^ q g 51.2 mmol) were 

... V ^« Tft « 1 mmol) and carbontetrabroimde /.u g. j i 

: a.00 g. 31.2 nunol) in CH=CW200 mL, a. room temperMure. Sttrrmg was 
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H followed by evaporation of the solvent. AcetoniuUe (20^ 
.rLedtI-20^Cfor2h.T.en.xt«.wasthenrUte^a^^ 

was cooled (5.bromomethyl-pyridin-2-yl)-carbanuc 
washed with cold acetonitnle (2 x 10 mu;. B' ^ v 

acid terf-butyl ester (5.96 g. 67%). 

,5 mta. Aft«.vapor«io„of a,c so.v«,U th. cn.de product »»s punfied by fash 
chro..«ography(me,ha.ol/CH^>=. 1:100 ^2^:100) to give 
bat„xycarbcnyl»»ino-pyrid,B-3.ylm.*.yl) -malonlc acid diethyl e..er (2.1S g. 44 

,.1 .„r.irlin ^ vlny-^hYi ymalonic Tiri-^ Tr.»nni^thvl ester 

AsolutionofKOH(0.37g.6.54mmol)methanol(5mL)wasadded 

..^arbonylan^no-^^^^^^^^^^ 
_l>inethanoU2Sn.).d.^^^^ 

for 18 h at room temperature. The imxture was con^, ^ „H 4 

I„»id„edis«o,vedi.»»e,.T.«3,uco...ayerw..»a..»d.iU.ethct,.^^^^^ 

iy :M HC, and with .ethylene chlortde. The organic layer wa. »-"""^ 

lr,hrineanddried..«ernitr.tio„a.dconcen.r.onuh^^^^^ 

buioxycarbonylanuno-pyndin-3-ylmetnyi; m<tiu 
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A'r. ^ ■■lull rhvn nrrvli" ^^^^ ^^^V^ ^^^^'^ 

L l.,^ Of 2K6-,— ycaH^nyU-nl— n«^^^^^^^^ 
^„„„0..hyUs..r,.:00g.X96nuno.,and37^a,.so,utionofror,n,ldehy^0^^^^^^^ 

„^„ atO'CThetnixture was stirred for IShatrootntemperamrcandthen^u^ 
DLr and extracted with methylene chloride. The organic layer was washed w,U. 
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NaHCOa and dried. Filtration and concentration under reduced pressure gave 2-(6-rerf- 
butoxycarbonylamino-pyridin-3-ylmethyl)-acrylic acid ethyl ester (0.75 g, 83 %), 

(h) 2-AcetvlsulfanvlmcthvN3*f6'rgrr-butoxvcarbonvlamino-pvridin-3-vlVpropionlc acid 
ethyl ester 

2-(6-/grr-butoxycarbonylaniino-pyridin-3-ylmethyl)-acrylic acid ethyl ester (0.49 g, 1.60 
mmol) and triethylamine (0.17 g, 1.64 mmol) were added to thioacetic acid (3 mL) at 0°C. 
The mixture was stirred at room temperature for 6 h. The mixture was poured onto ice- 
water and extracted with CH2CI2. The organic phase was washed with saturated NaHCOj 
and dried. The crude product was purified by flash chromatography (MeOH/CIfcCh, 
2.5:100) to give 2-acetylsulfanylmethyl-3-(6-rert-butoxycarbonylamino-pyridin-3-yl)- 
propionic acid ethyl ester (0.36 g, 61 %). 

fi) 2-Acetvlsulfanylmethvl'3*f 6-amino-pvridin-3-vl Vpropionic acid ethvl ester 
TFA (0.5 mL) was added to a solution of 2-acetylsulfanylmethyl-3-(6-fgrf- 
butoxycarbonylamino-pyridin-3-yl)-propionic acid ethyl ester (100 mg, 0.26 mmol) in 
methylene chloride (2 mL) under argon. The solution was stirred for 60 min and 
concentrated under reduced pressure to give crude 2-acetylsulfanylmethyl-3-(6-amino- 
pyridin-3-yl)-propionic acid ethyl ester (104 mg, 100 %). 

NMR (500 MHz, CD3OD): 5 1.21 (t, 3H), 2.33 (s, 3H), 2.78-2.97 (m, 3H), 3,05-3.13 
(m, IH), 3.14-3.21 (m, IH), 4.08-4. 15 (m, 2H), 6.99 (d, IH), 7.69 (s, IH). 7.85 (d, IH). 

0) 3-(6-Amino-pvridin-3-vn-2-mercaptomethvl-propionic acid 

2-Acetylsulfanyhnethyl-3-(6-f€?t-butoxycarbonylanuno-pyridin-3-yl)-propionic acid ethyl 
ester (38 mg, 0.096 nmiol) was dissolved in cone. HCl (2.0 mL) under argon. The solution 
was stirred at room temperature for 1 h and then heated to reflux for 1 h. Concentration 
under reduced pressure gave the title compound (25.7 mg, 100 %) as the hydrochloride 
salt. 

*H NMR (500 MHz, CD3OD): S 2.74-2.78 (m, 2H), 2.84-2.94 (m, 3H), 7.02 (d, IH), 7.72 

(s, IH), 7.89 (d, IH). 

MS(+)213(M+1). 
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Example 7 

3-(6-Amino-pvridin-3-vn-7.^....r hyl - ni, tt. U oropioni. .hh 

(a) 2-f6-re.r.BuroxYrarhnnY hmfn o pyridin.3-Y.m.thvl) - 2 .n,erhv..n,..»n.v k...^., 
ester ethy l e<;r<>r 

A solution of tert-butyl ethyl methylmalonate (457 mg. 2.26 nux^ol) in DMF (4 n±) was 
added dropwise to a suspension of NaH (90 mg. 2.26 mmol. 60 % in oil) in DMF (4 mL) 
The reacuon mixture was stined for 20 min. A solution of (5-bromomethyl-pyridin-2-yl)- 
carbamic acid r.^-butyl ester (500 mg. , .74 mmol) in DMF (2.5 mL) was added and the 
teacUon was stit^d for 70 min. EtOAc was added and the mixtut. was washed with water 
and bnne. dried and concentrated under reduced pressure. Chromathography 
(Heptane/EtOAc. 3:1 1:3) gave 2-(6-rm-butoxycarbonyIamino-pyridin-3-ylmethyl)-2- 
rnethyl-malonic acid rerf-butyl ester ethyl ester 
(437 mg, 61 % yield). 



■ ~ i»-pYnain ■>-yimethvn-?.methY l-ma|onic acirt mAn».f^^- 

butvl ester 

IM NaOH (2 mL) was added to a solution of 2-(6-re^-butoxycarbonylamino-pyridin-3- 
30 yImethyl).2-methyl-malonicacidrer.-butyl ester ethyl ester(0.42g. 1.03mmol)in 

THF/EtOH (4 mL. 1:1) . The reaction mixture was stirred at 50 »C for 16 h. CH.C1. was 
added and the mixture was washed with 0.5 M HCl and brine and dried. Concentration 
under reduced pressure gave 2-(6^^«-butoxycarbonylamino-pyxidin-3-ylmethyI)-2-methyl- 
malomc acid mono-rerr-butyl ester (348 mg. 89 %). 
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fgrf-butvl estf^r 

ft^thyl chlorofbnnate ( 75 ^L. 0.92 mmol) was added dropwise to a solution of 2-(6^^ 
butoxycarbonylami„o-pyridin-3-ylmethyl)-2-methyl-malonic acid mono.err-butyl ester 
(348 mg. 0.915 mmol) and EtsN (123 jtL. 0.92 mmol) in THF (6 mL). The reacUon 
mixture was stirred for 20 min.. filtered and added dropwise to a suspension of NaBH, (39 
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«g. 1 .04 i„ THF <6 no.) « 0 -C. The „acao„ sun«i for ,6 h « room 
«n,pcra,u„. 0.2 M HQ was add«, foUowed by E«3Ac. The cyanic pba„ „as „a.h«i 

W.U, brioe and dried. Co„ce„,raU„„ under Educed p^ssure foUowed by ch«.™,hog„phy 
(.oIuene/E«>Ac. 3.1 ,:3, gave 3-(6-,m-bn,oxycartK,nyIan^o-pyridi„-3.yl,-2- 
hydn,xymetf>yl-2-med,yl-propionicacid,er,-bun,I.s,er(I90mj.37 %). 

; '■'^^ •^^'V'!'Vlf'^yl"-^a-YNM6^m-hKoxvr,rbonv..n,,n^ ^^^^ , , 

propionic acid tert^hnty i ^c^^^ 

Diethyl azodicarboxylate (leo^L, 1.01 mmol) was added d^pwise to a solution of 3-(6- 

. re«-butoxycarbonylan^o-pyridin-3-yl)-2-hydroxymethyl-2-^^^^^ 
butyl ester (180 a,g. 0.49 nunol) and triphenylphosphine (266 mg. 1.01 mmol) in THF (6 
mL) and the taction was sUr«d for 5 min. ThiolaceUc acid (96 jU.. 1.34 mmol) was added 
and the reaction was stirred for 1 6 h. Concentration under reduced pressure followed by 

.chron.thography(toluene/EtOAc.lO:l-.l:,)gave2-acetylsulfa„yta^^^^^ 
butoxycarbonylanuno-pyri^ acid,.n-butyl ester (137 mg, 65 

(e) 3.t6^ o-pvridin.3.ylV?.n.errnotomerhv...-^..K, ._r^^^ 
2.Acetylsulfanylmethyl-3.(6....b^^^^^^ 

ap.d^«-butyl ester (4 .g. 9.4 Mmol, was dissolved in cone. HCl under argon. Tt. solution 
was heated to reflux for 1 h. Concentration under educed pressure yielded U,e tide 
compound as the hvdiochlnrirf^ call- C tr\r\^^ 



«-«*»uvrAj uuuCi ICQi 

r tbrhpound as the hydrochloride salt (2.5 mg, 100 %) 
- (500 MHz. CD3OD): 5 1.20 (s. 3H). 2.62 (d. IH), 2.76-2.83 (m, 2H), 2 95 (d 

: \ m 6-94 (d. IH). 7.64 (d, IH). 7.80 (dd. IH). 
:^ :JMS(+)227(M+1). 

Example 8 

2-(6.Amino-pvridin.3-vln,.rhy .|_. -.pton,.rhv.-K..^,... 
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(a) r5-f5-EthYl.2 . 2-diniethYl-4,6-dinxo-fM1dioxan.S.v,^...y .^_rvridin-9.vn.. 
acid tert'butvl ester 

(5-Bromomethyl-pyridin-2-yl)-carbamic acidre«-butyl ester (1.0 g. 3.48 nunol) was added 
to a solution of 2.2-dimethyI-5-ethyM,3-dioxane-4.6Kiione (600 mg. 3.48 mmol) and 
triethylamine (0.51 mL. 3.66 mmol) in dimethyl sulfoxide (40 mL) under nitrogen. The 
reaction mixture was stirred over night and water (100 mL) was added. Filtration of the 

pr«:ipitate gave f5-(5-ethyl-2.2-dimethyl-4.6-dioxo-f 1.3]dioxan-5-ylmethyl)-pyridin-2-yl]- 
carbamic acid rm-butyl ester (1.15 g, 87 %). 

ester 

A solution of sodium metal (140 mg. 6.08 mmol) in ethanol (20 mL) was added to a 
solution of [5-(5^thyl-2.2HiimethyW.6K«oxo-[1.3]dioxan-5-ylmethy^ 
carbamic acid rm-buiyl ester (1.15 g. 3.04 mmol) in ethanol (10 mL). The reaction was 
stined for 90 min. and methylene chloride was then added. The mixture was washed with 
0.5 M HCl, dried and concentrated under reduced pressure to give 2^6nf^rt- 

butoxycarbonylamino-pyiidin-3-ylmethyl)-2-ethyl-malomc acid monoethyl ester (1 05 g 
95%). ^ V . s. 

^''^ 2-r6-/m-Buroxyr.rbonylamino-nvndin-3-vlm.thvn.^-KY dr.>xvrn.rhvl-hnty^...;^^ 
ester 

. Methyl cW^^^^ (150 ^. 1.95 mmol) was added dropwise to a solution of 2-(6-rerr- 
: bmoxycarbonylamino-pyridin-3-ylmeA^^^^ acid monoethyl ester (700 mg, 

; 1.91 mmol) and Et3N (275 HL. 1-97 mmol) in THF (15 mL) at -20 "C under nitrogen. The 
:reaction mixture was stirred for 50 min.. filtered and added dropwise to a suspension of 
, NaBH4(80mg.2.1 mmol) in THF( 15 mL) at -20 "C. The reaction was stirred for 16hat 
room temperature. 0.2 M HCl was added followed by methylene chloride. The organic 
phase was washed with brine and dried. Concentration under reduced pressure followed by 
chromathography (toluene/EtOAc, 3:1 1:3) gave 2.(6-terr-butoxycarbonylamino- 
pyridin-3-ylmethyl)-2-hydroxymethyI-butyric acid ethyl ester (300 mg. 45 %). 
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(d) a^Aceajsulfan^j^ 
acid ethvl ester 

Diisopropyl azodicarboxylate (296 ^L. 1 .53 nunol) was added dropwise to a solution of 
5 tnphenylphosphine(402mg. 1-53 nunol) in THF (4 ™L) at O-C under argon and the 

reaction was stincd for 30 min. A solution of thiolacetic acid (109 ML. 1.53 mmol) and 2- 
(^'-'^-b"toxycarbonylamino-pyridin-3-ylmethyI)-2-hy^^^^^ ^^^^^ 

(0.27 g. 0.77 mmol) in THF (2 mL) was added dropwise during 10 min. The reaction was 

sun.d for 60 min. at 0 "C and then for 16 h at room temperatu«. Concentration under 

.0 educed pressure followed by chromathography(heptane/EtOAc. 10:1 M) gave 2- 

^etylsulfanylmethyl.2-(6^e^-butoxycarbonylamino-pyri 
ester (193 mg, 61 %). 

(e) 2-(6-Amino-pynd.n-^-vlmPthvn.2-me»-.pr thvl-h„fvr.> ...^ 

2-AcetylsulfanyImethyl-2-(6.er..butoxycarbonylamino-pyridin^^ 

ethyIester(12.3mg.30nmoI)wasdissolvedinconc.Ha(2mL)underargon The 

solution was heated to renux for 24 h. Concentration under reduced pressure gave the title 
compound as the hydrochloride salt (8.3 mg, 100 %). 

•h NMR (500 MHz, CD3OD): 5 0.91 (t. 3H), 1.71 (m. 2H), 2.68 (m, 2H), 2.92 (m. 2H) 
0 6.96 (d. IH), 7.65 (bs, IH). 7.82 (dd. IH). 
MS(-)239(M-1). 

Example 9 

3-(6-Amino-5-methyl-pyridin-^-vl)-?.n,.n:anton,.rHv,...^.>K, ., 

, 2-r^:^-bi.s(rm-Rutoxycarhonyl).mino].3.M.thv..^-p . S-trimethvl^ 

fl.31dioxan -5-vlmefhYl)-p ^^^..^ 

2-[Ar.Mbis(re,r-ButoxycartK,nyl)amino>^ g ^ ^ ^ 

inmol) was added to a solution of 2.2.5-trimethyI-1.3-dioxane-4,6-dione (630 mg 4 0 
nunol) and triethylamine (0.58 mL. 4.2 mmol) in dimethyl sulfoxide (40 mL). The reaction 
mixture was stirred overnight and water (100 mL) was added. The mixture was extracted 
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; ; malonic aci'd monnpfhyi ^^^^^ ~ 

, . ^ .fl.3]<l.oxaB-5.yln„rt,yl>pj,ridi„ C2.06g. -4.0 nunol) ■„ e>taol (20 ui.y ™der argon The 

, washed wi* 05 M HQ a™, hrtae. dried a™. co„ce„«d „„der,educ«, pressu,. ,„ give 
crude2K6-(Ar.iV.bls<,„-hu,„x,c,rt^y,^„„,.5.„^^^^^^ 

malonic acid monoethyl ester (1.9 g) 

: " ' (c) ^tf-w^^hi.f„„■B„„.,^^,„„, „„,„„,.,._,.,,^ ^...,^ , ^ ^ 

methyl-pronionic arirf ^thy^ ^^^^^ 
; j M.,by. chl<^fo™a„ (338ML, 4.4 mmol) wa. added d„,p„i»e ,o asol«io„ of c™de 2.(6- 

; ^ jn>P?o.d,yl «>" <1.9 g) and EW* (64. m„ 4.6 ™,0I) i„ TOF (30 .nL) a. -20 "C Tie 
^i^ S^^ - *>r 50 n^.. Hl^red and add«. dropwise .c a suspension o, 

: '» ™P (30 no.) a. -20 -C. The „acUo„ was stined for >6 h at 
vl ^ rtK,^ temperann,. 0.5 MHa was added foUowed hy „ed,ylene chloride, rt. organic 
^ . .*a^ was washed wid, brine ^ driei Concen^ion onder reduced pressor foUowed b, 
J chromatography (»lnene««)Ac. 10:1 ^ 1:3) gave 3-(6-[A,.Ar-bis(«„- 

« '>"•»"yO"-^o^5.„„U.y.-pyrid■n.3-yl^2-hyd■oxy^^^^^^^^ 
, ethyl ester (885 rag, 49%). 

<'fi ^-A^'V'.nl.any,p,^M-3^6-|VV.H.„.r, B„,n.v.,^„.,n.^ ,.,.i , ^.. ^ ^ „„„ , 

; ' ;^ "T^^^^'"^'"'''^' ^'^ ''^''Y ' 

3|r;p«s6^yi azodicarboxylate (755 jtL. 3.91 mnu)!) was added dropwise to a solution of 
|,:.tn^hehylphosphine (1 .026 g. 3.91 „.n.ol) in THF (10 mL) at O'C and the taction 



I was 
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: ^»'™'f<>'»™- Asolu,i„„„fuu„,^eticacid(279MI„3.9Immo0and3-(6-[ArA^^ 

10 ™„. «e ^acuon was s«„,d «, o "c a.„i for ,6 h a, ™on, ..pera J 

- I:3)gave™p„„2.a„^^„,f^,^.^^,_3^^^^^^_^^ ^^^^^^ 
; ■?«*y'-|'yri<lin-3-yI>2-mtd,yl-prepionte acid ediyl ester (l.«g) 

, : (»l„«,e/E.OAc. I:l ^ ,:,0 0:1, gave slighUy topu„ 2.ace,y,s».fa.ytamy,.3-(^ 

^ 

2.Ac«yls„,^ytaeU.yN3-(6-a„^„.5.^^^^^^^^^ 

es-er (.7 n.g, «^„.„ .as d,sso.v«, i. co.c. HO (2 o^) ™der arg... so>ud„„ was 
; bced .o .eflu, f<„ ,50 Conc«,„Uo„ ™der educed p«ssu« gave 0. Ude 
comppuiid as d>e hydrochloride salt (10.7 mg, 96 %) 

* «^ 

2.^4 (d, IH). 7.55 (m. IH). 7.69 (m. IH). 
MS (+) 241 (M+1). 

Examble in 

P S '? ">« to 4.n«.ho,y«.y, euoride rosta (7 g. L=a9, ,™.oUg. 6.37 

g..^l) underatgon and d,. ,es,„ was allowed to swell fcr 10 ™i„ a,^ 2.a™i„o-3..„e„ap,o- 
P«^.o„.c actd .d,yl „^ Ha-sal, (3.9 g, 32 ™™o.) was added. TFA (70 nO., was .hen 
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added in small portions over 10 min. The slurry was shaken at room temperature for i h 
and concentrated under reduced pressure. When almost dry. toluene (150 mL) was added 
and the mixture was again concentrated under reduced pressure. This procedure was 
repeated twice. The now yeUow resin was washed with DMF (3x60 mL), ClfcCh (2x60 
mL). TEArCH^a^ (1:1. 2x60 mL), CH^Ch (2x60 mL). MeOH (2x60 mL) and dried under 
vacuum overnight. 

To calculate the loading of 2-amino-3-mercapto-propionic acid ethyl ester on the resin, 50 
mg of the product was treated with 10% TFA in CHaCl, for 1 minute, and this procedure 
was repeated 4 times. The mixture was concentrated under reduced pressure to give 2- 
Aniino-3-mercapto-propionic acid ethyl ester (9.8 mg), indicating a loading of about 0.6 
mmol/g. 



A solution of piperidine-1.4-dicarboxyUc acid mono-/err-butyl ester (28 mg. 0.12 mmol) in 
DMF (1 mL) was added to the resin (100 mg, L=0.6 mmol/g, 0.06 mmol) in a plastic 

.5 syringe, followed by PyBOP (62 mg, 0.12 mmol) in DMF (0.5 mL) and DIPEA (41nL, 
0.24 mmol). The reaction was left at room temperature for 2 h with occasional stirring and 
the procedure was repeated once more. The resin was then washed with DMF (2x2 mL), 
CH2CI2 (2x2 mL). MeOH (2x2 mL). CH2CI2 (2x2 mL) and THF (2x2 mL). 
THF (800 ^lL) was added to the syringe and the resin was allowed to swell for 10 min. 

20 Then water (250 fiL) and 10 M NaOH (50 nL) were added. The reaction was left at room 
temperature for 16 h with occasional stirring. The resin was then washed with THF:water 
(1:1. 2x2 mL). THF (2x2 mL). CHzQj (2x2 mL), MeOH (2x2 mL) and CHjCla (2x2 mL). 



10 % TFA in CH2CI2 (1 mL) was added to the syringe and after 5 min the solution was 
collected in a tared vial. This procedure was repeated one more time and the combined 
organic phases were concentrated under reduced pressure to yield the title compound as the 
TFA salt (15.3 mg, 74 %). 

NMR (500 MHz, CD3OD): 5 1.85-2.10 (m. 4H). 2.65-2.72 (m. IH), 2.85-2.92 (m, IH), 
?.95-3.08 (m. 3H), 3.40-3.47 (m, 2H). 4.55-4.60 (m, IH). 
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Fx ample 1 1 

. ^- ff A^«.tiriine-?-^arhnnvlVaini t^"1-^-Tnercaoto-nropionic acid 

; ^ m tiUe compound was prepared from azetidine-1.2-<^ l-.err-butyl ester by 

5 the method described in Example 14. Yield: 13.8 mg (72 %). 

■ 'H NMR (500 MHz. CD3OD): 6 2.54-2.63 (m. IH). 2.82-3.05 (m. 3H), 3.93-4.15 (m, 2H). 
■ 4.664.71 (m, IH). 5.05-5.10 (m. IH). 

F.xam ple 12 

,0 ^i-M^rr« pto-2-r ( rp-"^i"^-3-car<^"V^>-»"^'"°1-P^"P'°"^''^"'^ 

The tide compound was prepared from piperidine- 1 .3-dicarboxylic acid 1 -tert-hutyl ester 

by the method described in Example 14. Yield: 15.1 mg (73 %). 

•H NMR (500 MHz. CD,OD): 6 1.73-2.10 (m. 4H), 2.84-2.92 (m. 2H). 2.95-3.14 (m. 2H), 
3.15-3.29 (m, 3H), 4.56-4.62 (m. IH). 



15 
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iKxam ple 13 

0- [(Azrtidine-'^-«^ari^nvn-ai "inn1-^-inercanto-PTiopionicacid 

The title compound was prepared from azetidine-1 .3-dicarboxylic acid mono-f./t-butyl 

ester by the method described in Example 14. Yield: 13.5 mg (71 %). 

.>H NMR (500 MHz, CD3OD): 5 2.86-3.02 (m. 2H). 3.72-3.80 (m, IH). 4.20-4.24 (d. 4H). 

- 4.62-4.67 (m, IH). 



F.xam ple 14 

^- f^An,ino-5-me« '^Yi-r Y^H;n-Vvn-?-mrrraptomethyl-propionicacid 
i5 (a) 'S-RmTno-2-rMjV-HUrr^rf-hutoxv rarhonvl)a mino1-3-mftthvl-pYridin 

2-Amino-5-bromo-3-methylpyridine (15.0 g. 80.2 mmol) in tert-butanol was treated with 
■ di-tert.butyldicarbonate(43.6g.200mmol)andDMAP(0.60g.4.91mmol).TT.ereaction 

.. ; mixture was left at ambient temperature overnight and was then concentrated under 
' reduced pressure. Hexane was added and the product precipitated as a solid. Filtenng 
30 affbrded5-bromo-2-tMN-bis(rert-butoxycarbonyl)amino]-3-methyl-pyri^^^ 
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methvlpy ridm 

5 A solution of 5-bromo-2-[^;Ar-bis(ferr-butoxycarbonyl)amino]-3-methyl-pyridin (26.0 g. 
67.1 nrniol). '^^-butyl-dimethyl-tributylstannanyJmethoxy-silane (47.6 g. 109 mmol), and 
bis(triphenylphosphine)paIladiunKID dichloride (0.90 g. 1.42 mmol) in 1.2-dichloroethane 
(80 mL) was stined at 90 X for two days. The mixture was cooled to 0 "C and diethyl 
: ; ether (200 mL) was added followed by saturated aqueous potassium fluoride (40 mL). The 

mixture was stirred vigourously for 30 min and filtered. The organic phase was washed 
- with water, dried and concentrated under reduced pressure. Flash chromatography 

(hexane/EtOAc. 100:0 ^ 95:5) gave 2-[iV.Af-bis(/m-butoxycarbonyl)amino]-5-(r.,t-butyl- 
diinethyl-silanyloxymethyl)-3-methylpyridin (18.0 g, 59 %). 

(c) 2-fyv;A/'-bisfrerr.h,.toxvrT.rhonvnamino1-S.hY droxvmprhv l.^ .K^,.p^^-^.„ 

Tetrabutylammonium fluoride (25.1 g. 79.6 mmol) was added to a solution of 2-[A^.iV. 
bis(l.rr-butoxycarix,nyl)amino]-5-(r^^-butyl-dm^^ 

(18.0 g. 39.8 mmol) in THF (150 mL). The reaction mixture was stirred overnight at room 
temperature. Concentration under reduced pressure followed by flash chromatography 

(hexane/EtOAc. 50:50) gave 2-fAr,Ar-bis(r.«-butoxycarbonyl)amino]-5-hydroxymethyI-3- 
ntethylpyridin (8.0 g, 59 %). 

(d) 5-Bromomethyl-2.fA^A^his(r.rNhntOTvcarbonvn.n,;n»v ^ --Vm-in 
Triphenylphosphine (7.43 g. 28.3 mmol) and CB., (9.49 g. 28.6 mmol) was added to a 
soluUon of 2-[A:iV-bis(rm-butoxycarbonyl)aminoJ-5-hydroxymethyI-3-methylpyridin 
(8.00 g, 23.6 mmol) in dichloromethane (220 mL) at 0 "C. The reaction mixture was stirred 
for 3 h and was then concentrated under reduced pressure. Rash chromatography 

(hexane^tOAc. 80:20) gave 5-bromomethyl-2-[A..A^-bis(/m-butoxycarbonyl)amino]-3- 
rnethylpyridin (8.0 g, 77 %). 
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e) 2-(6-rAr,Ar-his(rm-Ri,roxvcarhnnYi).».;n-] 5 mrthi 
diethyl ester 

To . su»p„,™ Of N,„ (0.24 g. 6.0 .nm„>. «,%) i„ DMF (5 „,L, „a. added diethyl 
m,.„„.,e (0.9, ^ 6.0 a« ■nix.ure was s.i™d for .5 mi.. A soluUon J-tiVM 

M««-b„.oxycart»„y>,an..^^^^^^ (2.0 g. 5.0 ™,„„ in 

OMP(5">l-)»«»<'dedaadthe«s«lti„gsol«ioosU™df„r,20mi„at60"C EU,vl 
acetate was added a.d d« „„„„„ „as washed wifl, water and b™e and dried! After 

evaporatton of the «,]«„,. d.e cn,de p™d,K« was purified by flash ch«.n,a.ography 
(CH.OH«:h«„ ,:,oO-» 1:20) •» gi« 2-(6-fW.bis<,e«.b„,oxycarbo„yl)and„„)-5- 
10 ■>»*y'-Pyridin-3-yto,eU,yl>malonic acid diethyl ester (1.2 g. 30%). 

monoethy l ftgfi^r 

• ; ^Asohttion of KOH (154 n,g. 2.75 n^ol, in ethanol (2 .nL) was added to a sohtUon 2<6- 
- [^•''->'-(«"-b"toxyca.bo„y,,anUno>5-n»thy,-pyridin-3-yta^^^ acid diethyl 

ester (1.2 g. 2.50 nraol) in etha»,l (10 ni) and methylene chloride (4 ™l) a. 0»C The 
m«,u.e was sti^d f„ 18 h at room temperature. The mixture was co„cen.«.ed under 
reduced p^ssur, and the residue dissolved in water. Ethyl aceuue was added and the 
ot^ic layer was washed with 0.5 M HQ. water, brine and dried. After filuaUon and 
concentration under teduced presstue gave cnrfe 2K6-(N;A'-bis(,^«. 
^Mox,carbonyl)amino^5-methyl.pyridin0.ylmethyl^^^^^ 



25 



to 



te) ^-(^WA^bis(,,,r-h„,.marhonv„.mlnnl . ■.rthv-vH..,.., ,„., , „ „ 
cthvl ester ^ 

Di^aylamine (0.26 g, 2.67 mmol) was added a mixmre of 2-(6-(/V.JV-bis(,m. 
Mo.ycari,o»y.)amino]-5-me,hyl-pyridin-3-ylme«,yl).ma,onfcacidmo^^^^ Og 

2^mmol)and37%a,.so.uUo„offormaldehyde(0.24g.3.00mmol)inmed,yle„e ' 
chlonde (2 mL) at 0 'C. TT^ mixmre was stin«l for ,6 h a, r«,m .emperanrre and ethyl 
^.ate was added. The organic layer was washed with water and 5 % N.HCQ, and dried 
O>ncentration „„de„ed„c«, p,«sure followed by flash chromatography (t„luene/eU,yl ' 
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acetate, 3:1 1:2) gave 2-(6-[A^,Ar-bis(rerr-butoxycarbonyl)aniino]-5-methyl-pyridin-3- 
ylmethyO-acrylic acid ethyl ester (0.68 g, 73 %). 

(h^ 2-Acetvlsulfanvlmethvl-3-(6-[7V.A^-bisag/^-butoxvcarbonvnamino l-5-methv 
ylVpropionlc acid ethyl ester 

Triethylamine (0.234 mL, 1.68 mmol) was added to a solution of 2-(6-[/V,A/^-bis(rerr- 
butoxycarbonyl)amino]-5-methyl-pyridin-3-ylmethyl)-acrylic acid ethyl ester (0.68 g, 1.61 
iiunol) in thioacetic acid (3 mL) at 0 ^C. The mixture was stirred at room temperature for 
16 h. Ethyl acetate was added and the organic phase was washed with water, saturated 
NaHCOa and brine and dried. The crude product was purified by flash chromatography 
(toluene/ethyl acetate, 3:1 -> 1:2) to give pure 2-acetylsulfanylmethyl-3-(6-pV,i^/-bis(/grr- 
butoxycarbonyl)amino]-5-methyl-pyridin-3-yl)-propionic acid ethyl ester (489 mg, 61%) 
and slighdy impure 2-acetylsulfanylmethyl-3-(6-pV.iV-bis(rer/-butoxycarbonyl)amino]-5- 
methyl-pyridin-3-yl)-propiomc acid ethyl ester (0.34 g, 43%). 

(i^ 3-(6-AminO'5-mcthvl-pvridin'3-vlV2-mercaptomethvl-propionic acid 

2- Acetylsulfanylmethy^3-(6-pV.//-bis(r€^^butoxyca^bonyl)a^lino]-5-methyl-pyridin-3-y 
propionic acid ethyl ester (17 mg, 0.034 mmol) was dissolved in cone. HCl (3.0 mL). The 
solution was heated to reflux for 1 h. Concentration under reduced pressure gave the title 
compound (8.9 mg, 100 %) as the hydrochloride salt. 

*H NMR (500 MHz, CD3OD): 5 2.26 (s, 3H), 2.72-2.75 (m, 2H), 2.83-2.91 (m, 3H), 7,60 

(s, lH),7.77(s. IH). 

MS(+)227(M+1), 

Example 15 

3- (6-Amino-4-methvl-Pvridin-3-vlV2-mercaptomethv l-propionic acid 
(a) 2-Aniino-5-bromO"4*methvlpvridine 

2-Amino-4-methylpyridine (1 10 g, 1.02 mol) in hydrobromic acid (1 L, 48%) was stirred at 
70 °C and a solution of hydrogen peroxide (300 mL, 15 %) was added dropwise over a one 
h at such a rate that the temperature of the reaction mixture remained at 70 - 80 ^C. The 
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mixture was stirred for 90 min at 70 ^'C and poured onto crushed ice. The pH was adjusted 
to 4-5 with sodium carbonate and the precipitated solid (containing mostly dibrominated 
products) was filtered off and discarded. The pH was subsequently raised to 9 and the 
■precipitated product collected by filtration. Recrystallization from toluene gave 2-Amino-5- 
5 : /bromo-4-methylpyridine (76.3 g, 40 %). 

(b) 2-rjV;Ar-bisfrgrf-Butoxvcarbonvnaminol-S>bromO'4-methvlpvridin 
2-Aniino-5-bromo-4-methylpyridine (5.70 g, 30.5 nmiol) in chloroform was treated with 
di-tert-butyl dicarbonate (20.0 g, 91.60 mmol) and DMAP (0.60 g, 4.91 mmol). The 

10 reaction mixture was left at ambient temperature overnight and was then concentrated 

iinder reduced pressure. Flash chromatography (hexane/EtOAc, 95:5) gave 2'^,N-his(tert' 
butoxycarbonyl)amino]-5-bromo-4-methylpyridin (8.02 g, 68 %). 

(c) 2-^MA^^bisfre^f-But oxvcarbonvl)amino^5-fre/t-butvl-dimethvl-silanvloxvmethvl)*4- 
15 methvlpvridin 

A solution of 2-[iV;A^bis(/err-butoxycarbonyl)amino]-5-bromo-4-methylpyridin (15.0 g, 
38.70 mmol). /e/t-butyl-dimeihyl-tributylstannanylmethoxy-silane (25.4 g, 58.3 mmol), 
and bis(triphenylphosphine)palladium(n) dichloride (0.90 g, 1.42 mmol) in 1,2- 
dichloroethane (50 mL) was stirred at 90 ""C for two days. The mixture was cooled to 0 
20 and diethyl ether (200 mL) was added followed by saturated aqueous potassium fluoride 
(40 mL). The mixture was stirred vigourously for 30 min and filtered. The organic phase 
was washed with water, dried and concentrated under reduced pressure. Flash 
chromatography (hexane/EtOAc, 95:5) gave 2-pv;A^-bis(ferr-butoxycarbonyl)amino]-5- 
(/erf-butyl-dimethyl-silanyIoxymethyl)-4-methylpyridin (10.0 g, 57 %). 
•25--;"'^:- 

(d) 2-rMA^-bis(rgrf-butQ xvcarbonvl)amino]-5-hvdroxvmethvl-4-methvlpvridin 

Tetrabutylanmionium fiuoride (13.9 g, 44.1 nmiol) was added to a solution of 2-[//,7V- 
bis(/erf-butoxycarbonyl)amino]-5-(fg/T-butyI-dimethyl-silanyloxymethyl)-4-methylpy 
(10.0 g, 243 nmiol) in THF (100 mL). The reaction mixture was stirred for 3 h at room 
30 /temperature. Concentration under reduced pressure followed by flash chromatography 
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(hexane/EtOAc, 50:50) gave 2-[iV;A^-bis(rerr-butoxycarbonyl)amino]-5-hydroxymethyl-4- 
methylpyridin (5.0 g, 67 %). 

(e) 5-Broniomethvl-2-fA^.A^-bis(fgrr-butoxvcarbonvnamino1- 4>methvlpvridin 
Triphenylphosphine (4.69 g, 17.9 mmol) and CB14 (4.89 g, 14.8 mmol) was added to a 
solution of 2-[iV.A^-bis(re^^butoxyca^bonyl)anuno]-5-hyd^oxymethyl-4-nlelhylpyridi^ 
(5.00 g, 22.0 mmol) in dichloromethane (130 mL) at 0 **C. The reaction mixture was stirred 
for 3 h and was then diluted with dichloromethane. The organic phase was washed with 
water, dried and concentrated under reduced pressure. Flash chromatography 
(hexane/EtOAc, 80:20) gave 5-bromomethyl-2-[//,//-bis(ferr-butoxycarbonyl)amino]-4- 
methylpyridin (5.35 g, 90 %). 

(f) 2-(6-fAr, jV-bis(rgrf-Butoxvcarbonvnaminol-4-mcthvl-Dvridin-3-vlmethvlV malonic acid 
diethvl ester 

To a suspension of NaH (0.24 g, 6.0 mmol, 60%) in DMF (5 mL) was added diethyl 
malonate (0.91 mL, 6.0 mmol) and the mixture was stirred for 15 min. A solution 2-[Ar,iV- 
bis(fcrt-butoxycarbonyl)amino]-5-bromomethyl-4-methyl-pyridin (2.0 g, 5.0 mmol) in 
DMF (5 mL) was added and the resulting solution stirred for 120 min at 60*^0. Ethyl 
acetate was added and the mixture was washed with water and brine and dried. After 
evaporation of the solvent, the crude product was purified by flash chromatography 
(CH3OH/CH2CI2, 1:100 ->1:20) to give a pure fraction 2-(6-[A/;iV-bis(fm- 
butoxycarbonyl)amino]-4-methyl-pyridin-3-ylmethyl)-nialomc acid diethyl ester (1.15 g, 
48 %) and an impure fraction 2-(6-[^,A^-bis(/erf-butoxycarbonyl)amino]-4-methyl-pyridin- 
3-ylmethyl)-malonic acid diethyl ester (1.1 g). 

f gV 2-(6- W. AT-bisC/err-butoxvcarbon vnaminol-4-mcthvl-pvridin-3-vlmethvn-maIonic acid 
mbnoethvl ester 

A solution of KOH (141 mg, 2.52 mmol) in ethanol (2 mL) was added to a solution 2-(6- 
[yy,A^-bis(/err-butoxycarbonyl)aniino]-4-methyl-pyridin-3-ylmethyl)-malonic acid diethyl 
ester (1.1 g, 2.29 nunol) in ethanol (10 mL) and methylene chloride (4 mL) at 0°C. The 
mixture was stirred for 18 h at room temperature. The mixture was concentrated under 
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reduced pressure and the residue dissolved in water. Ethyl acetate was added and the 
organic layer was washed with 0.5 M HCl, water, brine and dried. After filtration and 
concentration under reduced pressure gave crude 2-(6-[M^-bis(r^rf- 

butoxycarbonyl)amino]-4-methyl-pyridin-3-ylmethyl)-malonic acid monoethyl ester (1.0 g, 
97%), 

(h) 2-(6«fN,jV«bisffgrf-butoxvcarbonvl)amino1-4-methvl-pvridin-3-vlmethvn-acrvlic acid 
; ethyl ester 

Diethylamine (0.26 g, 2.67 nunol) was added a mixture of 2-(6-[Ar,A^-bis(rer^- 
butoxyca^bo^yl)anlino]-4-methyl-pyridin-3-ylmethyl)-malonic acid monoethyl ester (1.0 g, 
2.2 nmiol) and 37 % aq. solution of formaldehyde (0.24 g, 3.00 nunol) in methylene 
chloride (2 mL) at 0 **C. The mixture was stirred for 16 h at room temperature and ethyl 
acetate was added. The organic layer was washed with water and 5 % NaHCOb and dried. 
Concentration under reduced pressure followed by flash chromatography (toluene/ethyl 
acetate, 3:1 -» 1:1) gave 2-(6-[MA^bis(/err-butoxycart)onyl)amino]-4-methyl-pyridin-3- 
ylmethyl)-acrylic acid ethyl ester (0.81 g, 88 %). 

(i) 2-Acetvlsulfanvlmethvl'3-(6-rA^.A^-bi$frerf-butoxvcarbonvDaniinol-4-methvl-Dvridin-3- 
vlWpropionic acid ethvl ester 

friethylamine (0.279 mL, 2.0 mmol) was added to a solution of 2-(6-pV,A^-bis(^e^r- 
butoxycarbonyl)amino]-4-methyl-pyridin-3-yhnethyl)-acrylic acid ethyl ester (0.8 g, 1.9 
; mmol) in thioacetic acid (3 mL) at 0 ^C. The mixture was stirred at room temperature for 
; 16 h. Ethyl acetate was added and the organic phase was washed with water, saturated 
NaHCOa and brine and dried. The crude product was purified by flash chromatography 
(toluene/ethyl acetate, 3:1 -> 1:2) to give pure 2-acetylsulfanylmethyl-3-(6-pV,Ar-bis(ferf- 

biitoxycarbonyl)aniinol-5-methyl-pyridin-3-yl)-propionic acid ethyl ester (2(X) mg, 21 %) 
and slightly impure 2-aceiylsulfanylmethyl-3-(6-pv,A^-bis(/erf-butoxycarbonyl)amino]-4- 
methyl-pyridin-3-yl)-propionic acid ethyl ester (0.68 g). 



(i) 3-(6-Amino-4-methvl-pvridin-3-vl)-2-mercaptomethvl-propionic acid 
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2-AcetylsuIfanylmethyI-3-(6-Eft^,7V-bis(ferf-butoxycarbonyl)amm^ 

propionic acid ethyl ester (36 mg, 0.072 mmol) was dissolved in cone. HCl (3.0 mL). The 
solution was heated to reflux for 1 h. Concentration under reduced pressure gave the title 
compound (18.7 mg, 98 %) as the hydrochloride salt. 
5 ; ?H NMR (500 MHz, CD3OD): 5 2.42 (s, 3H), 2.72-2.95 (m, 5H), 6.81 (s, IH), 7.58 (s, IH). 
h- ;MS (+) 227 (M+1). 

; / ^ Example 16 

2-Mercaptomethvl-3-piperidin-4-vl-butvric acid 



V io 



(a) 4-formvl-piperidine-l-carfaoxvlic acid fg/t-butvl ester 
Periodinane (26.9 g» 63.5 mmol) was added to a solution of 1-fert- 

butoxycarbonylpiperidine-4-methanol (10.5 g, 48.8 nmiol) in methylene chloride (200 mL) 
and the mixture was stirred for 90 min. Diethyl ether was added and precipitates were 
15 removed by exaction with 10 % N^S203/saturated NaHCOa (1:1, 300 mL). The organic 
layer was washed with 0.5 M NaOH and brine, dried and concentrated under reduced 
pressure. Flash chromatography (hexane/EtOAc. 8:2) gave 4-formyl-piperidine-l- 
carboxylic acid rerf-butyl ester (8,5 g, 81 %). 

h>) 2-(l-rgrf-Butoxvcarbonvl-piperidin-4-vlmethvleneVmalonic acid diethyl ester 
: J^p a solution of diethyl malonatc (710 fiL, 4.7 mmol) and 4-f6rmyl-piperidine-l- 
; i^^:" fciibb>^ acid /erf-butyl ester (1.0 g, 4.7 namol) in methylene chloride (5 mL) was added 
piperidine (46 \iL, 0.47 mmol) and acetic acid (27 nL, 0.47 nrniol). The reaction mixture 
was stirred for 72 h at room temperature and then for 16 h at 45 EtOAc was added and 
25 the mixture was washed with water and brine, dried and concentrated under reduced 

pressure. The crude was purified by flash chromatography (heptane/EtOAc, 3: 1 — > 1 :3) to 
give 2-(l-rerr-butoxycarbonyl-piperidin-4-ylmethylene)-nialonic acid diethyl ester (0.69 g, 
; 40;^. 

30 Vc^ 2-f l*n-fgrf-Butoxvcarbonvl-piperidin-4-vn-ethvn-m alonic acid diethyl ester 
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MeLi (5.34 mL, 8.54 mmol, 1.6 M in diethyl ether) was added dropwise to a slurry of Cul 
(0.74 g, 3.88 nunol) in THF (5 mL) at -78 under argon and the mixture was stirred for 
30 min. A solution of 2-(l-re/t-butoxycarbonyl-piperidin-4-ylmethylene)-malonic acid 
diethyl ester (0.69 g, 1.94 mmol) in THF (5 mL) was added dropwise and the reacton 
riiixture was stirred for 120 min at -78 **C and was then allowed to warm to room 
temperature during 60 min. Concentrated aqueous NH4OH was added and the mixture was 
then extracted with EtOAc, washed with concentrated aqueous NH4OH and brine, dried 
and concentrated under reduced pressure. The crude was purified by flash chromatography 
(heptane/EtOAc, 3:1 1:6) to give 2-[l-(l-fe/t-butoxycarbonyl-piperidin-4-yI)-ethyl]- 
malonic acid diethyl ester (0.39 g, 54 %). 

(d) 2-ri-n-/grf-Butoxvcarbonvl-pipcridin-4-vl)-ethvll-malonic acid monoethvl ester 
A solution of KOH (84 mg, 1.16 nunol) in EtOH (2 mL) was added dropwise to a solution 
of 2-[l-(l-/err-butoxycarbonyl-piperidin-4-yl)-cthyl]-malonic acid diethyl ester (0.39 g, 
1.01 nunol) in methylene chloride (4 mL) and EtOH (10 mL) at 0 **C. The resulting mixture 
was stirred at room temperature over night. EtOAc was added and the mixture was washed 
with 0.5 M HCl and brine, dried and concentrated under reduced pressure to give 416 mg 
of crude 2-[l-(l-rg/t-butoxycarbonyl-piperidin-4-yl)-ethyl]-malonic acid monoethyl ester. 

fe) 4-(2-Ethoxvcarbonvl-l-methvl-allvlVpiperidine-l-carboxvlic acidrerf-butvl ester 
Formaldehyde (132 mg, 1.65 nunol, 37 % in water) was added to a solution of of crude 2- 
(l-(l-rerr-butoxycarbonyl-piperidin-4-yl)-ethyl]-malonic acid monoethyl ester (416 mg) in 
inethylene chloride (2 mL) at 0 **C. Diethylamine (153 ^L. 1 .47 nunol) was added dropwise 
and the mixture was stirred at room temperature over night. EtOAc was added and the 
mixture was washed with water and saturated NaHCQs, dried and concentrated under 
reduced pressure. The crude was purified by flash chromatography (toluene/EtOAc, 3: 1) to 
give 4-(2-ethoxycarbonyl-l-methyl-allyl)-piperidine-l-carboxylic acidrerf-butyl ester (0.18 
g, 49 % over two steps). 

(f) 4^(3- Acetvlsulfanvl-2-ethoxvcarbonvl- 1 -methvl-propvlVpiperidine- 1 -carboxvlic acid 
/err-butvl ester 
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TEA (86 |iL, 0.617 mmol) was added to a solution of 4-(2-ethoxycarbony 1-1 -methyl-ally l)- 
piperidine- 1-carboxyIic acid tert-hutyl ester (0. 18 g, 0.59 mmol) in thioacetic acid (2 mL) 
at 0 **C, After stirring for 6 h more thioacetic acid (2 mL) was added and the mixture was 
stirred at 45 over night. EtOAc was added and the mixture was washed with water, 
5 saturated NaHCOa and brine, dried and concentrated under reduced pressure. . The crude 
was purified by flash chromatography (toluene/EtOAc, 5: 1 1 : 1 ) to slightly unpure 4-(3- 
acetylsulf anyl-2-ethoxycarbony 1- 1 -methyl-propyl)-piperidine- 1 -carboxylic acidrcrf-buty 1 
ester (0.17 g. 75 %). 

10 (g) 2-AcetvlsulfanvlmethvI-3-piperidin-4-vl-butvric acid ethvl ester 

TFA (2 mL) was added to a solution of 4-(3-acetylsulfanyl-2-ethoxycarbonyl-l-raethyl- 
propyO-piperidine- 1 -carboxylic acid tert-butyl ester (0. 17 g, 0.439 nunol) in methylene 
chloride ( 10 mL). The reaction was stirred for 90 min and concentrated under reduced 
pressure. The crude product was purified using HPLC (10 -> 50 % acetonitrile in water, 

15 0.1 % TFA) to give 2-acetylsulfanylmethyl-3-piperidin-4-yl-butyric acid ethyl ester (101 
mg, 54 %) as the TFA salt 

(h) 2-Mercaptomethyl-3-piperidin-4-yl-butyric acid 

Cone, hydrochloric acid (4 mL) was added to 2-acetylsuIfanylmethyl-3-piperidin-4-yl- 
20 butyric acid ethyl ester TFA salt (0. 101 g, 0.252 mmol) under argon. The reaction was 
heated to reflux for 5 h and then concentrated under reduced pressure to give a 
diastereomeric mixture of the title compound (73.7 mg) as the hydrochloride salt. 
'H NMR (500 MHz, CD3OD) for the major diastereomer: 5 1. 10 (d, 3H), 1.36-1.58 (m, 
2H), 1.71-1.78 (m, 2H), 1.93-1.99 (m, IH), 2.05-2.1 1 (m, IH), 2.60-2,66 (m, 2H), 2.80- 
25 2.86 (m, IH), 2.94-3.02 (m, 2H), 3.38-3.45 (M, 2H). 
MS(+)218(M+1). 

Example 17 

3-(6^Amino-pvridin-3-vlV2-mercaptomethvl-butvric acid 



30 
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(a) (5-formvl-Dvridin-2-vl>-carbamic acidrg/t-butvl ester 

(5-hydroxymethyl-pyridin-2-yl)-carbamic acid rerr-butyl ester (7.00 g, 31.2 mmol) was 
dissolved in dry DMSO (50 mL) and the reaction flask immersed in a waterbath at 15 *^C. 
TEA (13.1 ml, 94.0 mmol) was added, followed by sulfur trioxide pyridine complex (15.0 
5 g, 94.0 mmol) in portions. The reaction mixture was stirred for further 45 min and poured 
onto crushed ice. The product was extracted with diethyl ether and the combined organic 
extracts were washed with brine, dried and concentrated under reduced pressure. 
Recrystallisation from hexane/CH2Cl2 afforded (5-formyl-pyridin-2-yl)-carbamic acid tert- 
butyl ester (5.40 g, 78 %) as white crystals. 

10: 

(b) 2-(6-fgrNButoxvcarbonvlamino-Dvridin-3-vlmethvleneVmalonic acid dieth yl ester 
To a solution of diethyl malonate (710 piL, 4.7 nmiol) and (5-formyl-pyridin-2-yl)- 
carbamic acid rm-butyl ester (1.04 g, 4.7 nrniol) in methylene chloride/DMF (1:1,5 mL) 
was added piperidine (46 ^L, 0.47 nunol) and acetic acid (27 \iL, 0.47 mmol). The reaction 

15 mixture was stirred for 72 h at room temperature and then for 16 h at 45 "^C. Heptane was 
added slowly to give 2-(6-rc7t-butoxycarbonylamino-pyridin-3-ylmethylene)-malonic acid 
diethyl ester (0.69 g, 40 %) as grey ctystalls. 

(c V2-f l-(6-rert-Butoxvcarbonvlamino-pvridin-3-vl)-ethvn-malonic acid diethyl ester 
20 MeLi (6.5 mL, 10.4 mmol, 1.6 M in diethyl ether) was added dropwise to a slurry of Cul 
(0.9 g, 4.73 mmol) in THF (28 mL) at -78 under argon. The reaction mixture was stirred 
for 30 min. A solution of 2-(6-rerr-butoxycarbonylamino-pyridin-3-ylmethylene)-malonic 
acid diethyl ester (0.84 g, 2.3 mmol) in THF (7 mL) was added dropwise and the reaction 
was stirred for 180 min at -78 **C. Saturated aqueous NH4OH was added dropwise and the 
25 mixture was extracted with EtOAc. The organic phase was washed with saturated aqueous 
NH4OH and NaCl, dried and concentrated under reduced pressure. Flash chromatography 
(toluene/EtOAc, 3:1-^1:6) gave 2-[ 1 -(6-r€rrr-butoxycarbonylamino-pyridin-3-yl)-ethyl]- 
; malonic acid diethyl ester (0.723 g, 82.4 %) as a white solid. 

30 (d) 2-ri-f6-/grr-ButoxvcarbonvIamino-pvridin-3-vn-ethvll-malonic acid monoethvl ester 
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' \ A solution of KOH ( 11 3.6 mg, 2.04 mmol) in EtOH (2 mL) was added dropwise to a 
soluUon of 2-[l-(6-fm-butoxycarbonylanuno-pyridin-3-yl)-ethyl]-malonic acid d^^ 
ester ( 0.7 g, 1 .84 nunol) in methylene chloride (4 mL) and EtOH (10 mL) at 0 under 
argon and the reaction mixture was stirred over night. IM KOH (100 mL) was added and 
5 the mixture was washed with methylene chloride. The aqueous phase was acidified to pH 2 
using 2 M HCl and extracted with EtOAc. The organic phase was dried and concentrated 
under reduced pressure to give the crude 2-[l -(6-reft-butoxycarbonylamino-pyridin-3-yl)- 
- ethyl]-malonic acid monoethyl ester (423 mg, 65 %), 

10 (e) 2-ri-(6-rer/-Butoxvcarbonvlamino-pvridin-3-vl>-ethvll-acrvlic acid ethvl ester 
Diethylamine (0.153 mL, 1.473 nmiol) was added to a solution of 2-(l-(6-ferr- 
butoxycarbonylamino-pyridin-3-yl)-ethyl]-malonic acid monoethyl ester (423 mg, 1.2 
nmiol) and formaldehyde (132 mg, 1.626 mmol, 36 % in water) in methylene chloride (2 
niL) at 0 °C under argon. The mixture was stirred at room temperature over night. EtOAc 

15 was added and the solution was washed with water, NaHC03 and brine, dried and 

concentrated under reduced pressure. Flash chromatography (toluene/EtOAc, 3:1) gave 2- 
[1 -(6-/e/t-butoxycarbonylamino-pyridin-3-yl)-ethyl]-acrylic acid ethyl ester (158 mg, 4 1 
%). 

20 (f) 2* Acetvlsulfanvlmethvl-3'f 6-rgrr-butoxvcarbonvlamino*pvridin-3-vl)-butvric acid ethvl 
ester 

TEA (0.076 mL, 0.542 nmiol) was added to a solution of 2-[l'{6-tert- 
butoxycarbonyIaniino-pyridin-3-yl)-ethyl]-acrylic acid ethyl ester (158 mg, 0.493 mmol) in 
thioacetic acid (2 mL) at 0 **C under argon. The mixture was stirred at 45 over night. 
* - 25 Etc Ac was added and the solution was washed with NaHCQa and brine, dried and 

: concentrated under reduced pressure. Flash chromatography (toluene/EtOAc, 5:1 -> 1:1) 

: • r - gave slightly unpure 2-acetylsulfanylmethyl-3-(6-^err-butoxycarbonylamino-pyridin-3-yl)- 

: : butyric acid ethyl ester (178 mg, 91 %). 
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ifg) 2-AcetvIsulfanvlmethvl-3-f6-amino-pvridin-3-vl)-butvric acid ethvl ester 
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7^A(2mL)wasaddedtoasoludonof2.acetylsuIfanylmethyl-3<^^ 
butoxycarbonylamin<H>yridi„-3-yI).butyric acid ethyl ester (178 mg. 0.449 mmol) in 

reduced pressure. Flash chromatography (toluene/ EtOAc. 1:6) gave unpure 2- 
- ««tylsulfanylmethyl-3K6-amino-pyri^^^^^^^ 

Purification by HPLC (10^ 70 %acetonitriIe in water. 0.1 %TFA)gave2- 

r: acetylsulfanylmethyl-3-(6-amino-pyridinO-yl)-butyri^ acid ethyl ester (104 mg. 56 %) as 
the TFA salt. 

'° <h) 3-f6-Amino-Dvridin.^-vlV 9.^. ^aDtoniethvl-h..>Y »^ -.^^j 

Cone, hydrochloric acid (4 mL) was added to 2-acetylsulfanylmethyl-3-(6-amino-pyridin-3- 
yl)-butyric acid ethyl ester (104 mg. 0.253 mmol) under argon. The reaction was heated to 
«flux for 5 h and then concentrated under reduced pressure to give a diastereomeric 
mixture of the tide compound (61 mg. 92 %) as the hydrochloride salt 
.5 'H NMR (500 MHz. D,0) for the major diastereomer: 5 1 .26 (d. 3H). 2.49-2.53 (m 2H) 
.2.64-2.77 (m. IH). 2.95-3.02 (m, lH).7.02(d. lH).7.69(d. IH). 7.88 (m IH) 
MS (+) 227 (M+1). 

. Example l« 

••^ - 3-(6-Amino-nvridin-3.vl^-9 .^. . Dtomethvl-hMty ri. 

(a) f5-Bromo-6-methyl-pyridin-?-vlWari,«n,.> ...h.^^ k..^ ., .-..^ 

5-Bromo-6-methyl-pyridin-2-ylamine (25.0 g. 133.7 mmol) in THF/tert-butanol (1 10 550 
mL) was treated with di-tert-butyl dicarbonate (39.3 g. 180.0 mmol) and DMAP (2 40 g 

- ^^-6"«»o») ThereactionmixturewassUrredfor4hat40»Candconcentratedunder ' 
-duced pressure. Flash chromatography (methylene chloride) gave (5-bromo-6-methyl- 
pyndm-2-yl)-carbamic acidterr-butyl ester (17.0 g. 44 %). 

(b) fM/err-ButYl-dimPthyl.silany.oxvm.rhvn.6-methv,.n.HH;„.o,, .v,,,H.n^ 
30 butvl ester 
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A solution of (5-bromo-6-methyl-pyridin-2-yl)-carbamic acidre^-butyl ester (27.5 g, 95.8 
nunol). 'm-bulyl-dimethyl-tributylstannanylmethoxy-silane (43.5 g. 100.2 mmol), aiid 
bis(triphenylphosphine)palIadiun.(IDdichloride(I.OOg, 1.40 mmol) in 1.2-dichloroethane 
(350 mL) was stined at reflux for 48 h. Additional bis(triphenylphosphine)palladium(ID 
5 dichloride (1.00 g. 1.40 mmol) was added every 12 h. The mixture was cooled to 0 "C and 
diethyl ether (300 mL) was added followed by saturated aqueous potassium fluoride (100 
mL). The mixnire was stirred vigourously for 60 min and filtered. The organic phase was 
- washed with water, dried and concentrated under reduced pr^ssui,. Flash chromatography 

(MeOH/CH^a,. 1:99) gave [5-(rerr-butyl-dimethyl-siIanyloxymethyl)-6-methyl-pyridin-2- 
/ ylj^arbaraic acid tert-hutyl ester (15 g. 47 %). 

(c) (5-Hvdroxymethyl-6-methvl-nvridin.2-vl W.rf,. n ric acid/^rr-hnry i ^c., 
Tetrabutylammonium fluoride (19.6 g, 62.4 mmol) was added to a solution of [5-(/m- 
butyl-dimethyl-sUanyloxymethyl)-6.methyl-pyridin-2-yl]^arbamic acidrm-butyl ester 
(10.5 g. 31.23 mmol) in THF (100 mL) and stirred at room temperature ovemight. Water 
was added and the product extracted with chloroform. The organic phase was dried and 
(Concentrated under reduced pressure. Flash chromatography (MeOH/CI^Clz. 2.5:77.5) 
gave (5-hydroxymethyl-6-methyl-pyridin-2-yl)-carbamic acid/ert-butyl ester (6 0 g 81 

.(d)5-Bromomethvl-?-fAr/y.hi.f,g^.h„to>v^. ^nvl^a^,„^1.p ^^^^^^ 
;^T^henylphosphine (9.83 g. 37.5 mmol) and CBi, (17.7 g. 53.5 mmol) was added to a 
_ sc^i^tion of (5-hydroxymethyl-6-methyl-pyridin.2-yl)-carbamic acidrm-butyl ester (8.50 g. 
: 35.7 mmol) in dichloromethane (30 mL) at 0 "C. The reaction mixture was stirred for 3 h at 
room temperature and was then diluted with dichlorx,methane. The organic phase was 
washed with water, dried and concentrated under reduced pressure. Flash chromatography 

(CH2CI2) gave 5-bromomed,yl-2-[Ar.Ar-bis(rerr-butoxycarbonyl)ainino]-pyrimidin (4 05 g 
38%): ■ ^' 

(e) ^-f6-;.^Butoxycari>onYlamino-?-m.thvl-nvriHin..-v.^..Kv n.n,^o„i. ,.,h H;..Ky. 
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A solution of diethyl malonate (1.21 mL. 7.97 mmol) in DMF (2 mL) was added dropwise 

to a suspention of NaH (348 mg, 7.97 mmol. 55 % in mineral oil) in DMF (5 mL) at 0 "C 
under argon. The reaction mixture was stirred for 45 min and a solution of (5- 
bromomethyl-6.methyl-pyridin-2-yl)-carbamic acidr^rr-butyl ester (2.0 g, 6.64 mmol) in 
5 DMF (5 mL) was added dropwise. The mixtuix: was stirred over night (0 "C ^ 20 »C). 
EtOAc was added and the solution was washed with water and brine, dried and 

reduced pressure. Rash chromatography (heptane/EtOAc. 4:1) gav^ 

. (6-rerr-butoxycarbo„ylamino-2-methyl-pyridin-3-ylmethyl)-malonic acid diethyl ester (1 87 
; ; ; g, 74 %). 

(f) 2-(6-rgrr-Butoxycarbonylamino-?-methvl-nvrirf.n.^...n ^ethvn-m.l^ni. ^ u,.. 

ester 

A solution of KOH (300 mg. 5.35 mmol) in EtOH (4 mL) was added to a solution of 2-(6- 
rm-butoxycarbonyIamino-2-methyl-pyridin-3-ylmethyl)-maIonic acid diethyl ester (1.85 g 
.5 4.86 mmol) in EtOH/methylene chloride (2:1. 21 mL) at 0 "C. The mixture was stirred for 
40 h at room temperature and EtOAc was added. The mixture was washed with 0.5 M HCI 
and brine, dried and concentrated under reduced pressure to give crude 2-i6^ert. 
butoxycarbonylamino-2-methyl-pyridin-3-ylmethyl)-malonic acid monoethyl ester (1.45 g). 

<g) 2-f6-rm-Butoxycarhonvlamino-7-methvl.nvr.Vi.n.^-V .niethvn-..rvi.v ..k^.. 

DieUiylamine (359 mg. 4.90 mmol) was added dropwise to a solution of 2-(6-rm- 
• ; ;^^oxycarbonylamino-2-methyl-pyridin-3-ylmethyl)-maIon^ acid monoethyl ester (1.44 g. 

4.()? mmol) and fbnnaldehyde (464 mg. 5.72 mmol. 37 % in water) in methylene chloride ' 

(35 ni) at 0 "C under argon. The mixture was stirred at room temperamre over night. 
25 Methylene chloride was added and the solution was washed with N^CO, and brine, dried 

and concentrated under reduced pressure to give 2-(6^err-butoxycarbonyIamino-2-methyl- 

pyridin-3-ylmethyl)-acrylic acid ethyl ester ( 1 .03 g. 79 %). 

(h) 2-AcetYlsulfanYlmethvl-3-f6^m-butoxvc«rhnnv l. .nino-2-m.thYl-r yr.H;„_^.y.), 
30 propionic acid ethvl est^r 
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TEA (0.556 mL, 3.99 mmol) was added to a solution of 2-(6"/erf-butoxycarbonylamino-2- 
methyl-pyridin-3-yImethyI)-acrylic acid ethyl ester (1.23 g, 3.84 mmol) in thioacetic acid 
(10 mL) at 0 °C under argon. The mixture was stirred at room temperature for 64 h. EtOAc 
was added and the solution was washed with Na2C03 and brine, dried and concentrated 
under reduced pressure. Flash chromatography (toluene/EtOAc, 5:1 -> 1:1) gave 2- 

acetylsulfanylmethyl-3-{6-rer/-butoxycarbonylamino-2-methyl-pyridin-3-yl)-propionic acid 
ethyl ester (1.33 g, 87 %). 

fi) 3*(6-Aniino-2-methvl-pvridin'3-vl)-2-mercaptomethvl-propionic acid 
Cone, hydrochloric acid (2 mL) was added to 2-acetyisulfanylmethyl-3-(6-ferr- 
butoxycarbonylamino-2-methyl-pyridin-3-yl)-propionic acid ethyl ester (77 mg, 0.19 
mmol) under argon. The reaction was heated to reflux for 1 10 min and was then 
concentrated under reduced pressure to give the title compound (39 mg, 76 %) as the 
hydrochloride salt. 

'H NMR (500 MHz, D2O): 8 2.49 (s, 3H). 2.73-2.92 (m, 5H), 6,81 (d, IH), 7,77 (d, IH). 
MS (+)227 (M+1). 

Example 19 

2-Acetvlsulfanvlmethvl-3'f2-amino-pvriniidin-5-vl)-propionic acid ethvl ester 
(a) 2-rMAr-bisf/grr-Butoxvcarbonvl)amino1-S-bromopvrimidin 

2-Aiiaino-5-bromopyrimidine (9.(X) g, 51.7 nmiol) in THF/tert-butanol (1:1, 1(X) mL) was 
treated with di-tert-butyl dicarbonate (34.0 g, 156.0 mmol) and DMAP (3.00 g, 24.5 
mmol). The reaction mixture was left at ambient temperature overnight and concentrated 
uiider reduced pressure. The residue was partitioned between dichloromethane and water 
and pH was adjusted to 4 with 1 M HCl. The solution was extracted with dichloromethane, 
dried and concentrated under reduced pressure. The crude product was suspended in 
hexane and filtered to yield 2-[MA^-bis(rerf-butoxycarbonyl)amino]-5-bromopyrimidin 
(15.0 g, 77%). 
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pvrimidm 

: A solution of 2-[Ar.A^-bis(fm-butoxycart>onyl)aminoJ-5-bromopyrimidin (16.0 g. 45.0 

mmol). 'err-butyl-dimethyi-tributylstannanylmethoxy-silane (20.5 g, 47.1 nunol) and 
5 : «'is(triphenylphosphine)palladium(IDdichloride(l.OOg. 1.40nunol)in 1.2-dichloroethane 

j t <50mL) was stirred at reflux overnight. Additional bis(triphenylphosplune)palladium(n^ 
drchloride (1.00 g. 1.40 mmol) was added and the solution was refluxed for 8 h. The 

y: was cooled to 0«C and dietiiyl ether (200 mL) was added followed by saturated 

^ ^''"^^"^P^^^i""^ fluoride (50 mL). The mixture was stirred vigourously for 
.0 filtered. The organic phase was washed with water, dried and concentrated under reduced 
pressure. Flash chromatography (MeOH/CHaCh. 1:99) gave 2-[MAr-bis(/^n- 
butpxycarbonyl)amino]-5-(r.«-buty^^ 2 g. 55 %). 

(c) 2-rA/'.A^-bis(fm-RntorvrT.rhonvnair.inm-5.hyHr^ xvmethvl.p vr.-,^.Hi» 

.5 Teirabutylammonium fluoride (15.3 g. 48.6 mmol) was added to a solution of 2-[MiV- 

bis(/e^-butoxycarbonyl)amino]-5-(/.rr-butyWimethyl-silanyloxymeti,^^^ (,0.0 
; g. 24.3 mmol) in THF (100 mL) and stirred at room temperature overnight. Water was 
: added and Uie product extracted wiU, chloroform. The organic phase was dried and 
: :v ; ■^"'=«°trated under reduced pressure. Flash chromatography (MeOH/CItas. 2.5:77.5) 
I gave 2-rW-bis(rm-butoxycari,onyI)aminoJ-5-hydroxymeaiyI-pyrimidin (4.20 g , 53 %). 

■ W 5-Bromomethyl-2-fAr . A^-his(r.rr-hitoxvr.rhnnvi) .»,.v..^_py^^i^i„ 

^ Triphenylphosphine (2.71 g. 10.73 mmol) and CBu (4.89 g. 14.8 mmol) was added to a 
solution of 2-[A/;A^-bis(rm-butoxycarbonyl)amino]-5-hydroxymethyl-pyrimidin(3.20g. 

25 9.83 mmol) in dichloromethane (30 mL) at 0 "C. The reaction mixture was stirred for I h 
and was then dUuted with dichloromethane. The organic phase was washed with water, 
dried and concentrated under reduced pressure. Hash chromatography (CPfcCh) gave 5- 
broniomethyl-2-[A^.A^.bis(rm-butoxycarbonyl)amino]-pyrimidin (2.55 g. 67 %). 

■ B ^-^2-fA/:A^his(r.rNButoxYrarbonyn.minol^^^ 



ester 
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. of aie*,. ^ (0.704 ^. 4.64 »no>, in DMF P ,^^^1"^ 

^ a^on. T.« -ca»n was sU,r«. to. 30 and a so,...n 

added dK,p»i«. The nuxnu. was sUned a. room Kmperatui. for 3 h. E.OAC "as 
.r^Iuon.as«as.d»iU,w.rerand«n.,dH.da„dco.^^^^^^^ 
pressure. r.asl,o.^n«,ograpby<hepr..»/E.OAc.3:«.av. 2,2-^^^^^^^^ 

L«yca.*onyB».iaoVpyri™din-5-y'-*y')-n«^^^^^ 

■nonoemvUsr g c-nHramL) was added to a solution of 2-(2- 

^«,...ion of KOH ,,06 1.8S n^.., .naOH ^^^^ _ 

tN,N-bisC..«— arbcnyoarnmohpyn^^^^^^^ ,.„.C.Tbe nUxoarewas 

(0.80 g. 1.71 omrol) inBOH/tnethylenechlonde 

stined for 16h,. room temperature and BOAc was added. -n»m«a^rew^ 

0.5 M HO and brine, dried and conee^rated under reduced pressure to ^"^'^ 
bi^,e„-bu.ox,ca*o„yl)an.no>pyri,nidin.^^^ 

^^,la.„ine(0.mn.L.1.6,nuno,,was«.deddropwisetoasolu.onofJ^^^^^^ 

, • « ^ vimethvlVmalonic acid monoelhyl ester ^u.ox 
«,.r.-butox,ca,bonyl,am.no^pynnudm.5«^ 

.141 mmol) and formaldehyde (160 mg, 2.0 irnnol. 37 % m wa , 
ns'latO 'c underargon. Tlte mixture was stirred a. room tempcramre over n,gh . 
Hltwlded«,d,.!soluUonwaswashedw.thwater,Na„CO,andhrine,d^ 

ooncentratedunderreducedpressuretogivecrudei-tZ-KN-bisO.^^ 
;^.oxycarhonyl)amino>pyru^^ 

prnprnn--- ^^^^ ^^hvl estej: 



20 : 
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TEA (0189 ml, 1.35 mmol)w».a<ktoi to a solution of 2^2-lMN-bis(«rt- 

^4caH«nyl«yH»uai„-5.«-«.^^ 
i„ aao«:«i= »=id (13 no.) « 0 -C under a«on. Tb. mixnue -.^ stined at room 
.t«nocr«a.c for40 h. BOAc was added and the solution was wasbed with Na=CO, and 
■ brine dri«l a«i concenuated under reduced pressure. Flash ehromatography 
(iptane/EtOAc. 5:1 -» 1:1) gave 2-acet,lsulfan,lmethyl-3-(2W-bis(,.n- 
butox,c«bonyl)aminol-pyrimidi»-5-ylVpropionio acid ethyl es.er(0.56 g. 89 %). 

,;, 1 An 1,1 ,MifnnYlm-m--M^-'-""-"""'""''' ' '"^ rropioni'- in'^ 
L^carbonynaminol-pyrirnidin-S-yO-propionic acid ethyl ester (225 n^^^ 

!X.o« chLde (1.5 ni). The reaction was sirred for 120 nUn a^ concentrated under 
^pressuretogiv.d«uaecon,pound(172n,g.94%,asttaTFAs^. 

NMR (500 NOfe. CD,OD,: 8 1^2 (t. 3H). 2.35 (s. 3H). 2.80-3.00 (m, 3H). 3.00-3.22 

(m. 2H). 4.13 (q, 2H), 8.43 (s. 2H). 

MS(+)284{M+1). 
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CLAIMS 

I. A compound of formula I 



"3 X-; fis- J: 



Rj-Het-R, 
Y^R3 



, Rl represents H. OH, halogen, Ci-Ce allcyl, 6 
SH och N(R8)2 . or CO^l-Ce alkyl, 

„ cartoxylic is««- cO-»lky.aryl or S-CO-a-yl. 

K,.p.escn»S„.S-C^C.-Ce-M.S^CO .-^^^^^^ 

R5 represents H,Oa halogen, Ci-C6^^^^ 6 
, SHochN(R,h,orCO-Cl-C6allcyU , c,-C6 alkoxy, cyano.NQ.. 

, , , i^ repre^^^ ^ 
' SH ochN(Rs)a. or COCi-Ce alM- 

: ^R. represents H. or C,-Ce aUcyl. C,-C6 alkyW. or aryl. 
Rg represents H or Ci-C<s alkyl, 
^ i/ represents O. S. N(Z), NR,CO or CONR. 
Y represents CH2. or CH(Z), 

tc H C,-Ca alkyl, aryl or Ci^6 alkylaryl. and 
Z represents H. Ci Ce alkyl, ary ^heterocyclic group contammg at 

Hetrepresentsa4-.5-.or6-memberedaromaUc 3lifaUc 
least one nitrogen, oxygen or sulphur atom or a 4-. 5 . or 

25 caibocyclic group. 
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A ccmpoond porting u. cWm 1, or a ph»naceuUca..y acceptable sal. d.e»of. 



wherein 



R, ^r«n. H. OH. NH. c,ano. Nft, SH. halogen. C.<:. al.,.. or C-C. allcox, 
Rj represents H, OH, halogen, or C-Q alkyl. 
R3 represents COOR7. 

R.repres«,tsSH.S^(W:,-CaU<y>.S-CO-alkylaC-lorS.CO-anrl. 
t4-o«H.O„,NH=.c,a„o.Na.SH,Haloge..C,-C.a.M.c.C,^^^^^ 

CM haloffen Ci-Cealkyl. or Ci-C* allcoxy, 
represents H, OH, NH,. cyano. NO2. SH, halogen. ^, «^ y 

R, represents H, C.-Q alkyl. C-Q alkylaryl or aryl, 

X represents O, S. C(Z)2, N(Z), CONH or NHCO. 

Y represents CH2 or CH(Z), 

7 reoresents H, C,-C« alkyl or C1-C6 alkylaryl and 

„ Jon. eluogen. oxygen or s„iru,a>omor.4-.5-o,6-^mbe,ed„omauco, 

alifatic carbocyclic group. 
3. Acon^undaccor<Ung<oclaim.,orapham>.ceuticallyaecepUbl= sal. .hereof. 

wherein 

R. represents H, OH. NH. halogen, C.-C alkyl, or C.-Q alkoxy, 
R2 represents H. OH, halogen, or Ci-Ce alkyl, 
R3 represents COOR7. 

R, represents SH. S-CO-C,-C, alkyl, S-CO-alkylaryl or S-CO-aryl. 
R3 represents H. OH. NH. halogen, C.-C alkyl, or C.-C alkoxy, 
R, represents H. OH. NH.. halogen, C.-Cs alkyl, or C.-C alkoxy. 

R, represents H. C.-Q alkyl. C.-C* alkylaiyl or aryl. 

X represents O, S. CHi or NH, 

Y represents CH^ and heterocyclic group containing 

r- e. _o.*,v.o«>H aromatic or alifatic heterocyclic giuui/ 
Hetrepresentsa4-,5-or6-memberedaromau v^vclic 

A. S or 6-membered aromatic or alifatic carbocycbc 
at least one nitrogen atom or a 4-, 5- or b-memocr 
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4; A ccmpouod — .0 claim 1. or a phannaceudcaily accepuble sal. <he«of. 
wherein 

R, represents H. NH2. halogen, or C.-Ce alkyl, 
. R2 represents H. or Ci-Ce alkyl, 
R3 represents COOR7, 
R4 represents SH, or S-CO-C.-C* alkyl, 
R5 represents H. NHj, halogen, or C-Q alkyl. 
Rg represents H. NH2. halogen, or C-Q alkyl. 
R7 represents H. or C1-C6 alkyl, 
X represents CH2, 

A s or 6-membered aromatic or alifauccaibocycbc 
at least one nitrogen atom or a 4-. 5- or G-memuerw 

group. 

5 A according to claim i. or a pharmacc«ical., acccpUble sal, U^reof. 

wherein 

Ri represents H, NH2, halogen, or d-Q alkyl, 
R2 represents H, or Ci-Ce alkyl, 
R3 represents COORt* 
R4 represents SH, or S-CO-CrCe alkyU 
R5 represents H, NH2, halogen, or Ci-Ce alkyl, 
R^ represents H, NH2, halogen, or Ci-Ce alkyl. 
R7 represents H, or C1-C6 alkyl, 
X represents CH2, 
y represents CH2. and 
• Het represents pyridyl or piperidinyL 
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,R,.R4.R5.R«.^.VandH=.ar.a3definedu>c.a.m 3 

' : X is CHi, comprising the step of; 



10 



15; 



20 



reacting a compound of fonnula VI 

. . « Y and Het are as defined in claim 1 and X is CH2.-ith a 

wherein Ri. R5. ^6' *^7. ^ • "''^ 
compound of the formula DC 

wnenn alternatively m the 

presence of a suitable base, such as NaOMe. K^CO, 

presence of a free-radical initiator, such as AIBN. 

K. R,.R6.R,.»nOH=.a.e.Cfln«.™c>a.«.andY.sCH,. 
and X is O. S. CHj. NH or N(Z), =on^si»8 



reacting a compound of fonnuU XIV 



H 2156-! SE 



# 



63 



or N(Z). with a compound of the formula DC 

„^U, R. is a suiubl. p..ecU„g s«.0P. such as AC c Bz. in U« presence or .uiubic 

reagents, such as PPh3/DIAD. 

. A prc^ess for U.e p^Hon or a conipoun. accccain, .o any Of c..^^ 
R.R.R..R5.R..R7.YanaH«.areasdefineainc,aim.andX.NHCO, 

comprising the Step of; 
,5 reacting a compound of formula XV 



10 



20 



,„.„rei„R.,R,.«^Var.asaeflnedinciain.,,»ia.acon,p^dof*efonnu..XV: 

R.HetCOOH 

^Herein R,. R5. R. and He. all aeflned in Cain. in U» presence Of suiubic 
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COUl 



ipling reagents, such as PyBOP/DIPEA. DCC/HOBt or EDCyTEAAJMAP- 



9. A pharmaceuucal formulation containing a compound according to any one of claims 1 
to 5 as active ingredient in combination with a pharmaceutically acceptable diluent or 

5 carrier. 

10. Use of a compound according to any one of claims 1 to 5 in therapy. 

• il.Useofacompoundaccordingto anyone of claims 1 to 5 for the manufacture of a 
medicament for the inhibition of carboxypeptidase U. 



>5 



,12! a method for treatment or prophylaxis of conditions associated with inhibition of 
carboxypeptidase U. comprising administering to a mammal, including man, in need of 
such treatment an effective amount of a compound as defined in any of claims 1-5. 

13. A pharmaceutical formulation for use in the treatment or prophylaxis of conditions 
associated witii inhibition of carboxypeptidase U, comprismg a compound as defined in 
any of claims 1-5 in combination with a pharmaceutically acceptable carrier or diluent. 
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ABSTRACT 



least one compound of the invenuon. or a phannaceuUcally ^ P 

active ingredient; and to the use of the active compounds m the manufactur 

medicaments for the medical use indicated above. 



Rj-Het-R, 

X. ,Ra 0) 



